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ABSTRACT

The aod of the proposed research is to provide prophylauit against cyanide throuh is sequestration
by covalent bond formation. Three strateies were pursued' (I) sulfur-rich compounds which could serve
as sulfane sulfur donors to rhodanese and other sulfur transferases; (2) compounds contaihing multiple
carbonyl moieties, including analogs of pyruvate and o-ketoglutarate. which can bind cyanide through
cyanohydrin formation; and (3) additional classes of compounds that can directly react with cyanide, such
as (i) N-alkoxy and N-alkylthio heterocycles, and (ii) phthalocyaunines and porphyrins.

During this report period we prepared examples of all compound types just described. The 148 new
compounds submitted this period were distributed among these compound classes as follows: sulfur-rich
species, 55; polycarbonyl compounds, 39; nitrogenous heterocycles, 40; and metal complexes, 9. Some of these
compounds contained multiple functionality that could react with cyanide. One of the sulfur compounds was
prepared at the request of the CO and was a re-submission of an additional quantity of a previously submitted
sample which had displayed positive biological results during screening (SoRI 7638; WR 268831). We have
received biological testing data for 91 compounds during this same period, and now have demonstrated
activity in three of our four primary target classes (no phthaloryanines have been tested for efficacy at this
point). Of the screened compounds, five were found to have potential as an improved pretreatment for NaCN
poisoning, with many additional possibilities as yet unscreened. These results were used to shape our planned
synthetic program of our pending, renewal app!ication.
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1. INTRODUCTION

This report documents our efforts during the term of Contract No. DA.MDI7-90-C-001 1 (9 March

1990- 8 August 1993). The objective has been to ider-tify new and improved prophyactic agents against the

toxicity of cyanide. The synthetic effort has encompassed the areas described in this report, the letailed

rationale for whichi is fully delineated in the original proposal (Southern Research Institute Proposal No. 88-

483; USAMRDC Proposal Log No. 88321006) (i) polysulfides and other sulfur-rich compounds which can

mediate cyanide detoxification through their interplay with rhodanese and other mammalian sulfur

transferase systems; (ii) polycarbonyl-containing compounds which can provide multiple sites for cyanohydrin

formation, one of the key detoxification routes of pyruvate and related compounds; (iii) heteroaromatic

compounds capable of undergoing cyanation, thereby removing cyanide; and (iv) a novel class of promising

prophylactic substances, metal complexes including phthalocyanines, porphyrins, and simple cobalt salts that

can sequester cyanide through complexation with the constituent metal ion.

This report compiles the synthetic procedures performed under this contract. We have also colligated

structures of all compounds supplied for testing with their corresponding identification numbers and, where

available, biological test data. Experimental procedures outlining the syntheses are provided following each

section.

The following instrumentation methods and procedures were used. All solvents and materials were

reagent grade and were either used as received or purified as required. 'H NMR and 13C NMR spectra were

run with a Nicolet NMC NT300 NB spectrome ter operating at 300.65 MHz with tetramethylsilane as an

internal reference. Chemical shifts (5) for multipl s were measured from the appropriate centers. The mass

spectral data were obtained from a Varian MAT 311 A mass spectrometer in fast atom bombardment (FAB)

or electron-impact (El) mode (direct probe temperature 20 "C, as indiczted. Infrared data were obtained

with a Nicolet 10-MX spectrometer. In most cases, only strong or medium peaks in the 1800-600 cm' 1 range

were reported. UV absorption spectra were determined in the appropriate solutions (pH I (0.1 N HCI). pH

7 buffer, and pH 13 (0.1 N NaOH)I with either a Cary 17 spectrometer or V' Perkin-Elmer Model Lambda 9

UV/VIS/NIR spectrophotometer. Melting point data was obtained with a Mel-Temp Capillary Melting Point

apparatus, and all melting points are uncorrected. £l~mental analysis data were obtained from either an in-

GOUTars ae Ancw ee



house Perkin Elmer Model 240 Elemental Analyzer or from Atlantic Microlab of Atlanta, Georgia.

IL HZTEROAROMATIC COMPOUNDS CAPABLE OF UNDERGOING CYANATION.

A. N-ALKOXY QUATERNARY SALTS AND RELATED CO'MPOUNDS DERIVED FROM N-

OXIDES OF HETEROAROHATIC COMPOUNDS.

I. N-Alkoxy Quaternary Salt.

The capacity of N-alkoxy quaternary salts derived from heteroaromatic N-oxides to undergo

cyanation in the ring was reported in 1959.1- 3 Numerous papers that describe the conversion and

modifications have appeared in the three decades since. Reviews have been published, 45 and a re-.nt

publication affords an update. s

We initially prepared 11 target compounds of the N-alkoxy quaternary salt type by direct alkylations

with halides or sulfates. Of these, there were six pyridine derivatives (structure numbers 14-19, Table 2A),

four of the quinoline type (structure numbers 20, 22-24, Table 2B), and one derived from isoquinoline (21,

Table 2B). As a result of the activity data for one of these initially submitted derivative (S,.U 7726, BM

07230), w,! prepsed two additional N-alkoxy quaternary salts, 32 and 33. These compounds were prepared

by standard procedures from the appropriate N-oxides 1-13 (structures shown below; analytical data

summarized in Table i). Of the N-oxides, three (1, 9, 10) were purchased from a commercial supplier, and

we prepared the remainder from commercially available precursors.

1 0
0

I Uumabetd. S Unsf.qtd.
8 &3-61 It a-me
3 &.4-1e6 It 4-Me
4 2.11-11 13 4.?7-IS
S t-cis

* 4-O~e

T e
Q911066e

a& albiaMdaI _E .. 611 E,- In m A -._
14 S.3-11ft I UmIobet. Mie *$%a
to 4.4-9e st I m 6-Me 8% I *
Is 8o-Mes ft I 2 4-106 A b
W? 3.6-Og M O4M. 34 4.9-Cl 8  Me O0*03e
Is 4-Ofe at I
to I-Ot. Me esole

SOWTH4ft U8EtAUCW ITIIUTZ
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TABLE 1. HETEROAROMATIC N-OXIDES

Compd. I Mp, 'C or Bi,, 'C/mm Hg) Man (FAB).
No. Substit-nts Mezhrd Yield, % (lit. value) Molec. Form. M/e

Part A. Substituted Pyridine N-oxides.

2 2,3-Me2  A 66 bp 16'/15 CHNO 124
(lit* bp I 18'/4)

3 2,4-Me2  A 75 bp 110"/1 C71HqO 124
(litb bp I IlO/ 1)

4 2.6-Me 2  A 12 bp 120"/21 C7HNO 124
(lite bp 120-123"/21)

S 2,6-C 2  Ad 72 mp 139" CsH3C12NO 163
(lie mp 139.5-140.5")

6 4-OMe A 45 Mp 73-79e CH 7N0%
(lit t mp 73-741)

7 2-OMe A 50 Mp 66" C*HNO 126
(litf mp 65-66")

Part B. Pyrazine I-oxide.

T A 33 mp 104' C4H4N2O 97
t (lit g mp l04*)

Part C. Substituted Quinoline N-oxides.

11 6-Me B 74 mp 52-54' C1oH9NO 159
I (lith mp 52-54)

12 4-Me B 65 mp 112-115" C1oHqNO 15V
(lith mp 113-115)

13 4,7-Cl -B 84 mp 1446 C9HsCI2NO 214
(lit' mp 165-167) 1

'Lvans, R. F.; Kynaston, W. J. Chem. Soc. 1961, 5556. bRuetgerswerke and Teerverwertung, Chem. Absir.
1965. 62, 9115d. cChumakov, Yu, I., Chem. Absir. 1964, 61, 10652. dTrifluoroacetic acid and 30% H20,
wer- used as reported in ref. e. 'Rousseau, R. J.; Robins, R. V.. J. Heierocycl. Chem. 1965, 2. 196. tOchiai.
E.; Teshigawara, T., Oda, K.. Naito. T. Chem. Absir., 1960. 45, 5153. gKlein, B.; Berkowitz, J. J. Org.

hnem.. 1960. 8. 5160. hProfft, E.; Buchmann, G.; Wackrow, N. Ar:neim.-Forsch. 1960, 10, 1029. 'Elslager.
-. F.; Grold, E. H.; Tendick, F. H.; Werbel, L. M.; Worth, D. F. J. Heterocycl. Chem.. 1964, 1, 6. SOur
ample of mp 144 "C gave the following elemental analysis results: Anal. Calcd for CHsC12NO: C, 50.50; H.
.35; N, 6.54. Found: C. 50.54; H. 2.58; N, 6.19.

SOUTNCN U SH,.=. ,NGTUSTt
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TABLE 2. N-ALKOXY QUATERNARY SALTS 14-24.

IElemental Analyses Mass (pos.
Cald FAS), e/

Substituents, Molec. Form. Found cation.
Compd. No. Reactants Yield, % Mp, *C (cation.anion) %C %H %N anion

Part A. 1 -Alkoxypyridinium salts.

14 2,3-Mes, 87 120-122 CH 141NO 38.72 5.05 5.01 i52, 126
2 + Ed _ (C91 14NO.1) 38.96 5.26 4.92

15 2,4-Me2, 8 1 1li-120 COH 41NO 31.72 5.05 5.01 152 126

3 + Ed (COH 14NOi) 38.81 5.23 4.95

16 2,6-Me2, 88 88-90 C-1 41NO 38.72 5.05 5.01 152, 126
4. Ed (CI1 14NO,1) 38.19 5.02 4.97

17 2,6-C 2, 71 80 C7HC 2NOsS 28.98 3.12 4.82 178, 111
+ 4(C6H6CVs O, 28.62 3.22 4.40

..... (MeO)2SO2  _OSO 2 CH s )

is 4-OMe,6 + 78 46-48 CSH 121NO 2  34.18 4.30 4.91 154, 126
Ed (CsH12NO2-) 34.02 4.91 4.33

19 1 2-OMe, 76 oil CtH 1sNOS 38.24 5.1" 5.57 140, i1I 7. (C7HIoNO 2. 38.36 5.i 1 6.01
1 (MeO) 2SO2  I OSO 2OCHs)

P4.-t B. I-Alkoxyquinolinium salts.

204 Quinoline N- 38 152-154 (CIoHz1NOsS 46.68 4.31 5.44 160, 97
oxide, 9 .I (C10H NO. 46.40 4.31 5.38

, (MeO)2So2  OS02 H)

21 Isoquinoline 68 136-138 C,1H12iNO 43.37 4.01 4.65 174, 126
N-oxide, 10 (C11Hi2NO.1) 43.57 4.08 4.61

+ Etl _ _ __

22 6-Me, 11 . 42 82-84 C12HIslNO 45.68 4.78 4.43 188, 126
Ed (C12HIsNO-1) 45.42 4.25 4.39

23 4-Me, 12 + 82 s0 Cj2H14BrNO 53.75 5.26 5.22 188, 79
EtBr (C12H14NO- 53.78 5.56 5.33

Br)

24 4,7-Cl, 13 + 55 48-52 C1IHIC1sNOsS 38.83 3.25 4.11 228, II1
(MeO)rSO 2  (CIoHSC12NO- 38.75 3.17 3.92 v

1 1 1 OSOOCH3) __

'Prepared by the procedure of Takayama, H.; Okamoto, T. Chem. Pharm. Bull. 1978, 26, 2435, bt we
brained the hydrogen sulfate salt instead of the methyl sulfate salt as reported. This was evidenced by the
iemental analysis results and mass spectral data listed above.

GOUTM94P OnEARC IN S UT4



Pyruine I oxide (S. Tab!a 1) was also prepared. Although we could not alkylate I with alkyl iodides,

we were able to prepare the O-ethyl tetrafluoroborate salt 26 by treatment of I with triethyloxonium

,afluorob- rate in chloroform. The procedure was adapted froa v :e jorted methr-"? in which 9 was

marten not to raict with ethyl iodide to form the O-ethyl sast.- ,owe.er, with triethyloxonium

tetranfluoroborate, the O-ethyl derivatives 25-28 formed readily: ;hey were isolated as trtnfluoroborate salts.

Results w-e listed in Table 3.

e h e we

CwKsC1s  0 5HsCK$  OCH,OCK 3  2

25 as 3

2. ;-:iA-Trimethylammnilum)ethoxyJpyfddialum Salts.

Fiie related comepounds in which the O-substituent is the 2-(trimethylavnmonium)-ethyl

group were also prepared; these are structure numbers 29-33 shown below. Results are listed in Table 4.

These compounds were prepared by treating the approp:iate N-oxide with (2-

bromoethyl)trimethylammonium bromide as described in a reported procedure (see footncte, Table 4).

No. SubstiluentX e 29 'nsubstd.

Y 30 2.4-Me
31 2.3-Me

OCHCH$(N*,: 33 4-ire

3. 1-(N.- Dimethylcarbmojloxy)pyrldinlum Tetrafluorotarates.

The N.N-dialkylcarbamoyl derivatives 34 and 35 were prepared by adaptation of a reported

method.4 Results are summarized in Table S.

- BF4 No. Substituent
34 unsubstd.

N(MO)s 35 2.4-Me t

0

oUThg4" 092CAM" 4"V Yu"
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TABLE 3. N-ETHOXY QUATERNARY SALTS 25-28
FORMED FROM TRIETHYLOXONIUM TETRAFLUOROBORATE

AND N-OXIDES 1, 8, 9, AND 10.

i~ Elmnal Analyses
Clcd Mans (pos. FAB)

Compd. Reaction Found m/e cation,
No. time, h Yield, % Mp C Molec. Form. %C %H %N anion

25 24 88 viscous CHoNO.BF4  39.85 4.78 6.64 124,87
,_oil 40.12 4.74 6.96

26 12 45 96-98 CGH9N20.BF4  34.00 4.28 13.22 125,87
34.00 4.24 13.34

27 0.25 98 82-84 C11HUNO.BF 4  50.62 4.63 5.37 174,87
50.91 4.73 5.16

28 0.25 92 109-110 CIIH 12NO.BF 4  50.62 4.63 5.37 174,87
50.31 4.78 5.13

I
TABLE 4. 1-12-(TRIMtETHYLAMMONIUM)ETHOXYIPYRIDINIUM SALTS.

Elemental Analyses
Calcd Mas (pos.

Compd. Substituents and Found FAB), m/e
No. reaction condns Yield, % Mp, "C Molec. Form. %C %H %N cation

29 Pyridine N-oxide, 72 196-198 CzoHzaBr2NO 35.11 5.34 8.19 261
1 . (lit.' 198) 35.56 5.40 8.02

Br(CH 2)2N(Me) 3'BrG

30 2,3-diMe. 2 + 65 195-199 C12H22Br2N2O 38.94 5.99 7.56 289
Br(CH 2 )2 N(Me)3 * (lit. 195) 38.62 6.20 7.60

Bre

31 2.4-di,.Ie, 3 66 164 C12H2DBr 2N2O, 36.29 6.34 7.05 289
Br(CH2)2 N(,%,eI'b 1.5HO 36.50 6.10 7.28

Br9 refluxing
SleCN

32 2,6-diMe, 4 + 68 175 C12H2 Bn2N2O," 37.13 6.23 7.22 289. 79
Br(CH 2 )2N(Me) 3P (lit.' mp H20 37.14 6.29 7.15

-re 175-176) (388.16)
•- -

33 4-Me + 61 184-185 C11H20Bn2N2O 37.10 5.66 7.87 275. 79
Br(CH2)2N(Me)?  (lit.6 mp (356.12) 36.96 5.42 7.76

Bre 182-190) 1 L- I

OAugustinsson, K. B.; Hasselquist, H. Acta Chem. Scand. 1961, 15, 817.
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TABLE S. REACTIONS OF N-OXIDES 1, 3, A1ND 4 WITH NN-DIALKYLCAR3AMOYL
CHLORIDES IN PRESENCE OF TETRAFLUORODORIC

ACID-DIETHYL ETHER COMPLEX.

Elemental Analyses Mats (FAB)
Reactant. Caled cation,

Comapd. R2NCOCI Yield. moiec. Form. Found anion
No. (reaction time, h) % Mp C (catiooemion) %C %H %N ____

34 1 + Me2NCOC1 (18 72 oil CgH 1 13F4N2O2.H2O 35.32 4.82 10.30 167, 87
h) (CsH11N202 .DFj 35.56 4.34 9.55

35 3 + MesNCOCI s0 88-90 CWHIsDF4N:O: 42.58 5.36 9.93 195, 87
(24) (C10H15N302.DF4) 42.38 5.36 9.79 _____

1 + Et2NCOC1 (4 48 64-65 C6HgBF 4N0& 32.83 3.31 7.66 987
)(CSHGNODF 4) 32.35 3.55 7.86

4. WO= ( 40-1 0 C7H3qBF 4NO& 39.85 4.78 6.64 124, 87
11___ ) 1- - (C7?H 1*N04F4) 39.55 4.94 6.77 _____

'Epce product did no, form; isolated material was the tetrafluoroborute salt of starting N-oxide.

The tetrafluoroborate salt 34 was an oil which resisted crystallization. In a later experiment, we

reexamined treatment of I with N.N-dimethylcarbamoyl chloride in the presence of AgNO3 (instead of

Et2O.HBF 4). and isolated the O-carbamoylated product as its crystalline nitrate salt 36 shown below.

3.

4. N-Alkoxy Quaternary Salts Prepsred by Reaction of N-OxIdes With a-

Bromoisobutyrophbooe and a-Dremolsohutyrlc Acid Esters.

Another series of O-alkylated candidates was suggested by the work of Sliwa and coworkers.'- The

Sliwa-'ype compounds are derived from a-bromoisobutyrophenone (37) and esters of a-bromoisobutyric acid

(ethyl ester 38; 1-bsatyl ester 39).
C1111 CHO
I I

6?36: a -CROCKS
30: It aCc~ ___.
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Thealk4 tiw ==tic 16, Athesame cM ilYzvailable bromo compounds and N-oxides 1, 4. ad

I $5 were carried out in acetnitrile in the presence of AgNO s . Thus the products were obtained ta nitrate snlts.

Target compounds (structure numbers 40-47) prepared in this series re listed in Table 6.

EXPERIMENTAL SECTION FOR PART II. A.

Substituted Pyridine N-OxIdes (2-7) Method A. (see Table 1A). These compounds were prepared

by treatment of the appropriate starting compounds with 30% H30 2 according to the general procedure of

Evans and Kynaston (see footnote a, Table IA). One exception was compound S as noted in Table I "heir

physical properties agreed with reported values, and mass spectral data agreed with that expecte f.r the

asui,. ad structure.

Pyrazne 1-Oxide (8) was prepared accord:ng to a reported procedure as listed in Table IB.

Substituted Quluollne N-Oxids (11-13) (Method 3) (see Table IC). A solution of equimolar

amounts (0.100-moi each) of the appropriate substituted quinoline and m-chloroperbenzoic acid in CHC13

(125 mL) was refluxed 2-4 h. The cooled solution i'as washed with 10% Na2COs solution followed by H20,

3 then dried (over anhydrous K2CO3), filtered, and evaporated. The residue was recrystallized twice from

EtOH to give the results listed in Table IC.

N-AlIkoxypyridlalum or quiaolleium Saits (14-24) (see Table 2). A. Halide Salts (14-16, 18, 21 -

23). The solution that formed when equimolar amounts (50 mmol each) of the Alkyl halide and the

appropriate N-oxide were mixed was kept in a stoppered flask at 20-23 "C for 20 h. The solutions usua'-

turned a roddish color while changing to a crystalline mass. The crude product was stirrmd with EtOAt,

collected, washed with Et2O, and recrystallized from EtOH-Me2CO. Final products were dried in vacuo (20-

23 "C over P20s) for 2-4 h. Results are listed in Table 2. B. Sulfate Salts (17, 19, 20, 24). Me2S0 4 (0.150

mol) was gradually added to the appropriate N-oxide (0.100 mol), and the resulting mixture was heated in

a 100 *C H20 bath for 2-4 h or kept at 20-23 "C for 20-48 h. The reaction mixture (except for 20 described

3 in note below), now consisting mostly of crystalline solid (except for 19), was stirred with Me2CO, and the

solid present was collected and washed with EtsO. Recrystallization from MeOH-CHCI s followed. Products

were dried in vacuo (over P206). Results are listed in Table 2. Compound 19, which did not crystallize, was

i stirred with Me3CO and EtO. each of which was decanted away, and the oil was dried in vacua.

I -.- - -
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During workup of 20, the reaction mixture was dissolved in H30, and the solution was evaporated to dryness.

The residue was recrystallized from MeOH-Me2CO elemental analysis and mass spectral results showed the

product to be the hydrogen sulfate salt as indicated in Table 2 instead of the methyl sulfate sadL

I N-EthoxyQuateary TeraflNroborates 25-28 (Tabl3). Triethyloxonium mfluoso-borate (3.80

S, 0.020 mol; Lancaster Synthesis Lid.) was added to a solution of the appropriate N-oxide (0.020 ml) in

CHC1s (20 mL) kept at 0-SOC. Stirring in the cold was continued for the time listed in Table 3. With the

exception of 25, the products separated from solution as crystalline solids. The solid wlS collected by

filtration, washed with EtO. recrystallized from MeOH. and then dried in macuo at 20-25 *C over P205. For

isolation of 25, the solvent (CHC1I) was evaporated under reduced pressure (H20 pump, bath at 25 C). and

the residual clear oil was washed with two or three portions of Et 2O, which were removed by decantation.

I The colorless oil was then dried in a over P20s at 40 *C. Results are listed in Table 3.

N-12-(Trlmethylanmnmoum)etboxylpyridlaum Dlbromi4des(29-33) (SeeTable4). Thescompounds

were prepared by direct O-alkylation of the appropriate pyridine N-oxide with (2-

Ibromoethyl)trimethylammonium bromide according to reported procedures.2 The mass spectrum (FAB

positive) of these compounds revealed a bromine associated with the positive ion. Assigned structures were

I confirmed by IH NMR spectra. The following preparations for 32 and 33 are provided as examples.

I Synthesis of N-12-trlmetbylammoum)ethoxyl-2,6-dlmetbylpyrldnlium Dibromide (32).'o A

mixture of 2-brom -thyltrimethylammonium bromide (8.2 mmoi), 2,6-lutidine-N-oxide (8.1 mmol), and S

mL of water was heated in a flask at 100 "C for 56 h. The unreacted bromoehyl compound was removed by

adding an additional portion of water (10 mL), followed by evaporation under reduced pressure. This process

was repeated twice. The lutidine which was formed during tl,. reaction was removed by extraction with

chloroform. The remaining product was treated with ethanol, tiltered, and the residue dissolved in boiling

ethanol. The solution was treated with activated carbon, filtered, and the filtrate cooled to get the crystalline

compound. The product was dried over P30t under reduced pressure. Yield 68%; mp 175 *C (Lit 175.5 *C).

Anal. Calcd for C12H32ON28rs-H2O. C, 37.13; N, 6.23; N. 7.22. Found: C. 37.14; H, 6.29, N, 7.15. MS

(FAB) m/e 289, cation, 79 anion.

Synthesis of N-|2-(trimethylammemiun)ethoxyl4-methylpyridinlum dlbremide (33).a A mixture

gOMoIMu &6 ableW
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of 2,bromoethyl~zimethylammonium bromide (14 mmol) and 4-methylpyrid~ie-N-oxide (32 mmol) was

3 refluxed in acetonitrile (10 mL) on a water bath for 10 h. The 2-broaoethyltrimethylammonium bromide

slowly disolved and a light brown solid separated, which was filtered and washed with acetonitrile (20 mL)

3 and then acetone, and crystallized from n-butanol, followed by drying under reduced pressure. Yield 61%;

mp 184-185 "C (lit 182-190 "C). Analysis for C 1 H2 0ONBr.

1-(NN-Dlmetbylcarbamoyloy)pyrldinlum Tetrafluarmborates (see Table 5). A solu.rn of

Stetrafluo, oboric acid - diethyl ether complex (40 mmol) in CHCls (20 mL) was addel dropwise to a stirrid

solution of NN-dimethylcarbamoyl chloride (37.6 mea0l) and substituted pyridine N-oxide (28.4 mmol) in

3 CHCls (40 mL) kept at 0-5 *C. The solution was allowed to warm and stirring was continued for 2 days

longer. Products separated as solids or viscous oil. Washing by decantation with added portions of CHC13

followed. The CHCla-insoluble phase was finally washed with Et2O. and the product was dried in vacuo.

3 The expected products from two experiments did not form; only the tetrafluoroborate salts of the starting N-

oxide were obtained from these attempts.

I-I(NN-Dimethylcarbamoyl)oxypyridlilum Nitrate (36). A solution NN-dimethyl-carbamoyl

chloride (5.35 g. 0.050 ml) in MeCN (20 mL) was added dropwise to a stirred solution of 1 (4.75 g, 0.050

mol) in MeCN (20 mL) with cooling by an ice-H 2 0 bash. A solution of AgNO3 (3.1 g. 0.050 mt) was then

added dropwise. The cooling bath was removed, and the mixture was stirred at 20-25 "C for 24 h. The

precipitated AgCI was removed by filtration. The filtrate was evapor.teo (H2O pump, bath at 25 "C). and

3 the solid residue was collected with the aid of Et.O. Finally, the solid was recrystallized from MeCN to give

36, mp 110-112 "C, in 86% yield. Anal. Caicd for CSH1IN 3 06.H.O C. 38.87; H, 5.30; N. 16.99. Found: C,

39.03. H. 4.62; N, 16.91. Spectral data: MS (FAB) m/e 167 cation, 62 anion in agreement with assigned

3 structure.

N-Alkoxy Quaternary Salts 40-47 Prepared by Reaction of 1, 4, and 5 with a-

Bromoisobetyrophenone (37) aud -Bromolsobutyric Acid Esters (38, Ethyl Ester; 39, ten.-Butyl Ester) (See

Table 6). A solution of the appropriate bromo compound 37, 38, or 39 (0.050 mot) in MeCN (20 mL) was

added dropwis to a stirred solution of the appropriate N-oxide 1, 4, or 5 (0.050 m6l) in MeCN (20 riL) with

external cooling (ice-HO bath). A solution of AgNO S (0.050 moa) in MeCN (20 mL) was then also added

I YN • ISIUC
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dropwise. The cooling bath was removed, and the mixture was stirred 24-72 b at 20-25 "C. The pecipitate

of AgBr was removed by filtration with the aid of MeCN. The clear filtrate wcs treated with Et2O to cause

precipitation of the reaction product. The nitrate salt was collected, washed with Et2O, then recrystallized

from MeOH. The collected and dried products gave the results listed in Table 6.

40 4a 4 43 44

48 44 4?

a. DERIVATIVES OF I-AMINO QUATERNARY SALTS OF NITROGEN HETEROCYCLES.

1. I-(N-Methylacetamldo)aikylpyridillsu Salts.

The facile cyanation of I -(N-methylacetbmido)alkylpyridium derivatives of structural type S0 (shown

below) with cyanide ion as demonstrated by Okamoto et al. 10 prompted us to prepare representative examples

as anticyanide candidates. The 2-ethyl compound 52a was prepared as described in the literature (work cited

above), and the 3-butyl compound Sb was prepared in similar fashion. The synthesis is a four-step process.

First, the appropriate alkylpyridine 48a or 48b is treated with potassium hydroxylamine-O-sulfonate

(H2NOSOK) in H20 followed by HI to give the N-aminoalkylpyridinium iodides 49ab. The iodide salts are

then treated with acetic anhydride to give N-acetyl derivatives Sda,b. Treatment of iodide spits SOA,b in

EtOH solution with basic ion exchange rin (Amberlite IRA-410) gave internal salt forms I (N-

acetimido)alkylpyridines Slab. Alkylatia with CH 31 then gave the target compounds 52a,b.

5 "' (1) KH40S02 K Ac A@.O r '
(a) HI 4  e -e

44 I I
NH 2  NIKCOCH,

47 4O

a *Sri**: 3 -CoeC
b erie: I 3-(CNt)3CH $ II

CH$1 COCH3  UCOCN
so 40
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TABLE 6. N-ALKOXY QUATERNARY COMPOUNDS DERIVED
FROM BROMO COMPOUNDS 12-14 AND N-OXIDES

1, 4, AND 5 IN MECN CONTAINING AGNOX.

Elemental Analyses
Calcd Mass (pos.

Compd. Found FAD) m/e
No. Yield, % M., "C Molec. Form. %C %H %N cation,anion

40 38 101 CI 3H 1 N035NO, 47.89 5.98 10.16 210, 62
_ 0.2H 2O 47.92 5.93 10.21

41 83 102-104 C1sH20NO-NOs 51.99 6.71 9.33 238, 62
51.61 6.83 9.33

42 91 124-125 C1 sHeN0$N0 3  5 59.21 5.30 9.21 242, 62
"9.36 5.44 9.26

43 36 114-116 CjsH,$N0eN03  j5.90 5.60 8.69 260.62
55.49 5.75 8.75

44 42 84-86 CSHUNONOS* 56.82 6.45 7.80 288,62
0.5H2 0 56.55 6.65 7.82

45 81 76-78 CIsHIgNOsNOs 55.90 5.60 8.69 260,62
55.59 5.74 8.65

46 92 89-90 C17H2 2NO$.NO 3  53.28 6.33 7.99 288,62
58.32 6.58 7.97

47 86 124-125 C1 9H 1SN0 2ON0 3  64.40 5.12 7.91 292,62
- 64.24 5.31 8.10

2. 1 -(N-Methylacetamido)quianolinium Iodide and the Corresponding Isoquinolinium

Iodide.

Title compounds S7a and S7b were prepared by essentially the same reaction sequence described

above for pyridine analogues S2a,b. The quinoline derivative S7a was prepared as described in the literature

by Okamoto et a.1 ° using the general synthetic route outlined above for S2a,b. The heretofore unreported

isoquinoline analogue S7b was similarly prepared.

oaroN -- W,, HeteroNNH 8  HIteroNNHCOCH$I
63&.b 54a.b Sla.b

e e 0
Ms-HeteroNNCOCH3I

or- 
SOab

CHNCO N$Sb COCH 3

a sertee" derived from qunelin.

b senes: derived from isoeunolins
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EXPERIMENTAL SECTIiN FOR PART II.B.

1- Amino-2-ethylpyridlalum Iodide (49a). . jdroxylamine-O-sulfonic acid (0.1 mol) in H2 0 (20 mL)

was neutralized with a solution of KOH (0.1 mol) in H20 (20 mL). The resulting solution was added dropwise

to a stirred solution of 2-ethylpyridine (48a, 0.1 mol) in H20 (20 mL) maintained at 70 *C. Stirring at 70 "C

was continued for 2 h. A solution of K2 COS (0.1 mol) in H2 0 (20 mL) was then added, and the solution was

heated 45 min longer at 70 "C. The solution was then concentrated under reduced pressure (rotary evapa.ator,

H20 aspirator) to about 40 mL. Treatment with MeOH caused precipitation of inorganic salts, which were

removed by filtration. The filtrate was treated with 57% HI in H20 (12 mL), then chilled to -10 "C for I h,

but the expected precipitation of 49a did not take place. The solution was evaporated to dryness under

reduced pressure, and the residue was treated with four portions of EtOH (20-25 mL), each of which was

evaporated off under reduced pressure to give 49a as a yellow solid, mp 108-I 10 "C (reported mp by Okamoto

et i . 10 107 C): yield 22% (6.1 g).

I-(Acetamido)-,-ethylpyridialum Iodide (SOa). A solution of 49a (6.0 g) in Ac2 O (45 mL) was kept

at 95-100 "C (bath temperature) for 2 h. Evaporation under reduced pressure followed, and the residue was

triturated with Et2 O. The Et2O was decanted, and the residual oil was used without further workup in the

next step.

1-(Acetimido)-2-ethylpyridine (51Ia). The oil described above (under SOa) was dissolved in EtOH

(60 mL). This solution was passed through a column of anion exchange resin (Dowex I X 2-200) which had

been pretreated with 1.5 N HCI, H30 and then 10% NaOH in that order. The eluted EtOH solution was

evaporated under reduced pressure to give crude Sla as a yellow oil. A solution of the oil in the minimum

volume of EtOH was applied to a column of silica gel (3 x 25 cm, 230-400 mesh) poured from a slurry in

CHCI5-MeOH (95:5). E:.ttion by CHCI5 -MeOH (95:5) followed. Fractions which gave a single spot on TLC

were combined and evaporated to give Sla as a viscous red oil; yield 2.42 g (55% based on starting amount

of 49a).

I-(N-Methylacetamido)-2-ethylpyridislum Iodide (S2a). The sample of Sin described above (2.42

g) was dissolved in CH3l (20 mL). and the solution was kept at 20-25 "C overnight. Evaporation of the CH31

left a crystalline residue which was recrystallized from EtOH to give pure S2& as a light yellow solid, mp 128-

SOUTNCaI NtU VI CH IlTUT6



20

429 C etal. describ-52aasabrowtr powder, mp 139 "C). Anal. Caled for C1OHsNO. L C. 39.23;

H, 4.94; N, 9.15. Found: C, 39.33; H, 5. 11; N, 9.22. Spectral data. MS (FAB) m/: 179 (cation), 127 (anion)

in agreement with assigned structure.

I-Aaino-3-btylpyrddlam Iodide (. b), l-(acatamide)-3-butylpyridialum Iodide (SOb), and I-

(acedmido)-3-b1tylpyridnlum Iodide (S1b) were each prepared as described for the analogous 2-ethyl

compounds (49a-S1). The overall yield of Sib as a viscous liquid was 28%.

i-(N-Methylacetaaido)-3-btylpyridialm Iodide (52b). Treatment of Sib with CH3I gave 52b as

a viscous red oL yield 80% (based on starting amount of Sib). Anal. Calcd for Cu3HaSN 20-.H 0. C, 40.92

H. 6.01 .N , 7.95. Found C, 40.86; H. 5.49; N. 7.57. Spectral data: MS (FAB) m/z 207 cation, 127 (anion)

in agreement with assigned structure.

I -Aminoquisollalum Iodide (S4a). Treatment oi quinoline (0.24 mol) with H2NOSOsK (0.12 mol)

in H20 at 70-80 'C with subsequent operations carried out as described by Okamoto c at. !ed to s4a, mp 175-

178 "C dec, in 20% yield (lit. 10 mp 178-179 "C, 20% yield).

I-(Acetimldo)quinolinium Iodide ($6a). A solution 4;" $4a (16.7 mmol) in Ac.O (90 mL) was kept

overnight at 20-25 "C. The solution was then mixed with H2O (90 mL), and the mixture was chilled while

it was made alkaline by treatment with 30% NaOH solution. The resulting mixture was ex:racted with (.HCi3

(200 mL). Evapration of the dried (Na2SO4) and filtered solution gave 56a. mp 90-91" (lit.10 mp 89-90 0C)

in 58% yield.

I-(N-Niethylacetamido)quiollulium (57a). Treatment of 56a (6.0 mmol) with CH3I (14 mL)

overnight at 20-25 "C was followed by evaporation under reduced pressure, and the residue was recrystallized

from EtOH to give 57s. mp 170-172 "C dec (lit. mp 172-174 C dec) in 62% yield. Anal. Calcd for

C13H13N42OL C. 43.92; H. 3.99. N, 8.57. Found. C, 43.65; H. 4.24; N. 8.47. Spectral data: MS (FAB) m,:

201 (cation). 127 (anion) in agreement with assigned structure.

I -Amiliseqlelialium Iodide (54b) was prepared from isoquinoline in the manner described for the

preperation of 54s. The yield of 54b, mp 170-171 C dec. was 20%. Anal. Calcd for C9H9N2.I: C. 39.73; H.

3.33; N, 10.30. Found: C. 39.97; H. 3.52; N, 10.33. Spectra data: MS (FAB) m/: 145 (cation), 127 (anion)

a expected.

emTNmamn IUKSImI4 IsmnrsTeiT
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1-(Acedluldo)lsoquinallue (S6b) was prepared from 54b as described for converon of 54a to 562.

The yield of 56b, mp 90-91 OC, was 62%.

1-(N-Methylacetaido) lsoulaoilalua Iodide (57b) was prepared by treatment of 56b with CHI

as described for the conversion of S6a to 57a. The yield of 57b, mp 152-154 *C dec, was 76%. Anal. Calcd

for C1H11NIOL C, 43.92; H, 3.99; N, 8i7. Found: C, 44.16; H, 4.11; N, 1.45. Spectral data: MS (FAB)

m/: 201 (cation), 127 (anion) as expected.

C. 1-(PHINYLAZODIPHENYLMITHYL)PYRIDINIUM BROMIDE.

The title compound 58 (structure shown below) has beenaued in a reported synthesis of 4-

cyanopyridine. Compound 58 reacts readily with KCN to form 4-cyanopyridine in 75% yield after

purification. This demonstrated capacity to undergo cyanation indicates S8 to be a potential anticyanide

agent. The reported multistep synthesis of 58 was used without modification to prepare a sample for

anticyanide testing.

a r. + CO*RN-Mc(IS). - ,e

¢lb
I.

GO
D. 4,S-DIALKOXYPYRIMIDINE N-OXIDES.

Screening candidate 4,5-dimethoxypyrimidine I-oxide (65a) was a previously reported compound of

demonstrated capacity to undergo cyanation.'1 Both the 4,5-dimethoxy compound 6Sa and an unreported

analogue, 4-methoxy-S-(benzyloxy)pyrimidine I -oxide (6Sb) were prepared for screening by the general

route which follows. The intermediate S-methoxy-4(3H)-pyrimidinone (62a) was prepared as indicated

S0
________CROPS II

_=2_9____ Ma1NCKfl1 30W Ma~N

Je:tCs o. toluene cOr -tO-
04a: R -W - CH, cosi
59b: N a W a COSCOIg Web Sl&A

0 c 
'sx 

scm
_ -

"IPOC1$ " "Goa s  17; MlA

Sb 03.b 04e.b

It a3 CHI
46b: t - CHgCoNf

oenUg19 snutWee ImSTVMuTZ



22

fbUowiAZ.thezocednue +of Cahsterfield et aj.12 The remaining three stow shown from 62a to target

compound 65a were carried out as described by Yamanaka et aL.1 (In the literture report the chioro

intermediate 63a is not isolated.)

Synthesis of the 4-methoxy-5-benzyloxy analogue 6Sb was achieved in similar fashion. The starting

beazyloxyacetate ester was prepared by treatment of ethyl chloroacetate with sodium benzoxide in excess

benzyl alcohol. Transesterification accompanied the displacement of chloride to give benzyl benzyloxyacetate

(S9b). Conversion of S9b to 5-benzyloxy-4(3H)-pyrimidinone (62b) was carried out as outlin d using the

procedures given by Chesterfield et al.'s cited above. The remaining steps, formation of chloro compound

63b, displacement of chloro by methoxide Ad N-oxidation by MCPBA, were done in the manner reported

for the 4,5-dimethoxy analogue.

EXPERIMENTAL SECTION FOR PART lI.D.

2-Mercapto-S-methoxy-4(3H)-pyrimidi,,oe (61a) was prepared as reported in the literature by the

Na-promoted condensation of ethyl formate with methyl methoxyacetate to give the sodio derivative 60a

which was condensed with thiourea to give 61a; yield 52%, mp 280-282 "C dec (reported 12 mp 280-281 "C

dec).

S-Methoxy-4(3H)-pyrlmidluoae (62a). Treatment of 61a with Raney Ni i- dilute NHOH solution

as d.,scribed in the literature gave 62a, mp 210-211 "C dec (in agreement with that reported. 2); yield 70%.

4,S-Dimethoxypyrimidiae (64a). Conversion of 62a to 4-chloro-5-methoxypyrimidine (63a) by

treatment with POC 2 was followed by displacement of the chloro by methoxide as described by Yamanaka

et al.11 to give 64a in 68% yield; mp 74-76 "C (lit. 11 mp 76-77 "C).

4,5- Dimethoxypyrimidine I-Oxide (6a). A solution of 64a (30 mmol) and m-chloroperbenzoic acid

(50 mmol) in CHC 3 (40 mL) was kept at 20-25 "C overnight (about 18 h). The mixture was washed with .0%

K2CO$ :,l3utior and the CHCI, was removed by evaporation. The product was ultimately purified by column

chromatography on 50-200 mesh silica get with elution by CHCl 3-MeOH (95:5) ,o give pure 6Sa as a white

soid, mp 209-210 *C dec (lit. mp 203-205 "C dec), in 51% yield. Anal. Caled for C*H6 N2O3: C, 46.15; H.

5.16; N, 17.94. Found: C, 46.17; H. 5.51; N, 17.32. Spectral data: MS (FAB) m/: 157, (MH*).

S-Be*zyloxy-4(3)-pyrimidliae (62b). The synthesis )egan with treatment of ethyl chloroacetate

SOUTNIN ESEANCH INSTITi
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with the solution obtained by dissolving Na in benzyl alcohol exactly as described by Chesterfield el a.2 to

give benzyl benzyloxyacetae (59-), which was purified as reported by fractional distillation in vacuo. The

outlined sequence was followed exactly as described by Chesterfield et al 1 2 Each intermediate (61b and 62b)

was purified as reported.

S-Beazylcxy-4-methoxypyrlmldl.. 1-oxide (6Mb). The procedures used were like those used to

convert 62a to 55a. Intermediate 62b was treated with POCIs to give the 4-chloro intermediate 63b. which

was not purified but was treated immediately with NaOCH s in CH3OH to give 64b. Oxidation by m-

chloroperbenz3ic acid followed to Live 63b, mp 166-168 OC dec, in 45% overall yield (from 62b). Anal. Calcd

for C12H, 2N1O,: C, 62.06; H, 5.21; N, 12.06. Found- C, 61.78; H, 5.23; N, 11.72. Spectral data: NIS (FAB)

233 (MH ).

E. N-ALKYL QUATERNARY SALTS.

Five substituted N-alkyl quaternary heterocyclic salts are depicted below (66-70). These compounds

were prepared because of literature reports that pyridinium salts with glycosyl substituents at the I -position

and electron withdrawing groups at the 3-position react rapidly to form stable cyano adducts. 2 -23 Glycosyl

bromides were prepared by reported procedures s4 then coupled with the parent heteroyclic compound. The

results and physical properties of these agents are presented in Table 7.

"@OX *re ACOCI, r
~~Ae r OA P AOH

OA OA
67

/iOC 
$  C)
3

a 
D0 CHSC~
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TABLE 7. QUATERNARY NITROGENOUS HETEROCYCLES.

Elemental Analyses
Calcd Mass (FAB)

Structure Molec. Form. Found cation,
No. Yield, % Mp, 0C (Formula Wt.) %C %H %N anion

66 39 158-159 C2 1H2BrNO10  47.38 4.92 2.66 452, 79
(lit.6 mp 151-159) (532.35) 47.57 5.00 2.66

67 63 182-184 C=H=BrNO9 i.12 4.85 2.59 460, 79
(540.37) 50.90 5.02 2.61

68 68 195-200 CH 2 &BrNjO 45.10 4.72 5.25 453. 79
(lit.b Mp 195-200) 45.00 4.73 5.16

(533.34)

69 52 58-60 CiaHssBrNOa 46.97 4.87 3.04 380, 79
(460.28) 46.94 4.98 3.24

70 60 142 CIoHIsCIN30 2 1 52.06 6..S 12.14 195, 35
(fit.' mp 142-143) (230.70) 51.74 6.50 12.09

'Lovesey, A. C.. J. Med. Chem. 1970, ;J, 693. bp.aynes. L. J.: Todd, A. R., 1. Cem. Soc. 1950,
303. CLovcs,y, A. C.; Ross, W. C. J., J. Chem. So. (8) 1969. 192.

Acetobromo-D-gh.copyranose used to prepare 66-68 and acetobromo-D-riboturanose used to prepare

69 were prepared by the procedure of Haynes and Todd without modification. 4. Chloromethyl propyl ether

used to prepare 70 was prepared by the procedure of Henze et ai7

1,3-Disubstituted pyridinium halides 66, 68-70 and the tsoquinollnium bromide 67 were prepared

by treating the parent heterocyclic compound with the appropriate bromide or with chloromethyl propyl ether

in refluxing acetonitrile using the general procedure of Lovesey.a23' 4 Products crystallized frow the reaction

solutions. Names of the compounds are as follows: 3-acetyl- I -(2.3,4.6-tetraacetyl--D-glucopyranosyl)-

pyridinium bromide(66); l-(2,3,4.6-tetraacetyl-0-D-Slucopyrannsyl)isoquinolinium bromide (67); 3-amino-

carbonyl- I -(2,3,4,6-tetraacetyl-D-SlucopyrnosyI)-pyridiniumbromide,'68); 3-ac'tyl- I -(2.3.5-triacetyl-,r-

D-ribofuranosyl)pyridinium bbomide (69); and 3-aminocarbonyl-I-(propo:&ymethyl)pyridinium chloride

(70).

Ill. NITROGENOUS AROMATIC HETEROCYCLES.

Only a single example of this compound class was submitted for biological evaluation this report

period, and the physical properties of this agent %71) are presented in Table 8. Our rationale for the

oIouTMlgaN mgrggRmcM WIYUS TI
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prepiaration and testing of this class of compounds was based npon the recent literature reports ' of the

reaction of N-vinylpyrazolium salts with cyanide ion in vitro, and our desire to establish the potential utility

of these compounds with regard to cyanide toxi.:ity in vivo. The synthesis of this compound followed the

pre!paration in the literature, and is shown below.

e

A6011 CO C aC

TABLE S. NITROGENOUS HETEROCYCLES 1
E1em~utal Analyses ]

Calcd
Found

Mo'ecular Formula -. %
Structure No. Yield, % Mp, C (Formula Wt.) H %N

71 33 135-136 C,5 H1 1N420 4 F 4  48.16 4.04 7.49
1 1 -1 (374.10) 48.06 3.96 7.41

EXPERIMENTAL SECTION FOR PART III.F.

Synthesis cf 1- Phenyl-2-(1,2-dlcarbometh,)xy)vinylgyrazollum Tetranfleoroborate.

I-Pheayl-2-(I,2-dicarbomethoxy)vnylpyrazollum Iretrafluoroborate (71).

SoRI 8605.

Step 1. A solution of 3.7 mmole of pyrazole in 40 mL of ethanol was added with stirring to 3.74 g of

48% tetrafluoroboric acid. Stirring was continued for I t and then solvent was evaporated under 4educed

r'ressure, yielding a viscous, oily residue. Five mL of ethyl acetate was added and the oil then allowed to cool

for 2 h at 0 *C. A white solid product crystallized, which was dried under reduced pressure to obtain the pure

material, mp 95 "C. Yield 65%.

Step 2. Equimolar portions of I -phenylpyrazolium tetrafioroborate (3.4 S) and dimethylacetylene

dicarboxylate (2.08 g) were dissolved in acetic acid (20 mL) and refluxed for 4 h. Solvent was reroved under

*IOuTtN~ liUOCW seIN~rT1,
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-educedpmusur. Ayethow-orepe. viscous iquid was obtained, to which ethyl acetate (5- 10 mL) was added.

3 Upon cooling (0 C) the product crystallized. The solid was filtered, washed with ethyl acetate, and dried

under reduced pressuze to obtain the pure compound. Yield 51%, nip 135-135 *C. Anal. Calcd for

S C,,Ht1 04-42BF 4: C. 48.16; H, 4.04; N, 7.49. Found. C, 48.06; H, 3.96; N, 7.41. MS (FAB) 287 (M + 1)*,

I 28! (M - 1).

IV. POLYCARBONYL COMPOUNDS

A. DERIVATIVES OF 4-PHENYL-2,4-DIOXOBUTYRIC ACID.

Our ationale for preparing carbanyi compounds as potential cyanide ion traps via cyanohydrin

Iformation was supported by a recent paper on protection against cyanide toxicity by n-ketoglutaric acid.14

3 One series of polycarbonyl compounds was derived from acetophenone and variously substituted

acetophenones by condensation wi.h diethyl oxalate. 'l e. A number of the candidates prepared had already

Sbeen reported in the literature, although not in connection with anticyanide studies.

The series prepared as ethyl esters is shown below.

Y%~~C H 1) stoaccoagl;0 0

NOt in EtOH y 11 IIII
2CH3 2) H30 u-S

x X

72 H K

73 H 4-Cl
74 H 4-1N02
75 2. 4 -ra
76 H 4-r
77 2.4-(OCH$)
78 H 4-OCH3
79 3-cr 3  H
so ".5.(C0CH:COC0aCH2CM 3)2
6t 3-; H
62 3-MeO H
63 3-Cl H
64 3-NO H
06 3-M. HI

!1.
i
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Similarly, pyridyl analogue 86 was prepared from 3-acetylpyridine, while ester 88 was prepared from

propiophenone (87) as shown in the following scheme.

CjCHCC0CHaCR-3

0aOMi / l1

0 CHCHg + CtO0COCt (()CICCOU

Eight of the esters were converted to the corresponding carboxylic acids (88-96) through hydrolysis

I while a ninth product precipitated as potassium salt 96 during the hydrolysis of 75. The properites for acids

1 89-95 ore provided in the Experiment:! Section.

n J~~~ilt Jl

Y-U VCHsCHCCOH 0 00 r-9 -OCSCOCOSKy/C~aCCOH

S9: Y - OCH 3 X *I: US
0: Y " NO$ 02: r

03: OCH3
94. CH396: Cl

EXPERIMENTAL SECTION FOR PART IV.

General Proced-re for the Preparation of the 4-Phenyl-2,4-dioxobutyrate Esters 72-80.

I Compourds 72-30 were prepared by the following general procedure.

Freshly cut Na (2.4 g, 0.105 mol) was added to EtOH (125 mL) under NZ in a 500-mL, 3-neck flask

equipped with a mechanical stirrer, a ground glass stopper, and a gas inlet tube. The mixture was stirred until

the Na had completery dissolved, then equimolar amounts (0.100 mol each) of diethyl oxalate and the

appropriate acetophenone) were added. (Different molar quantities were used in the preparation of 80; see

I Experimental Section.) 1 he reaction mixture was stirred for about 3 h, resulting in the formation of a thick

slurry. If the thickness of the slurry interfered with stirring, more EtOH was added. Isolation of these

compounds was achieved by one of the following methods:

(I) The slurry was filtered, and the collected solid was washed with anhydrous Et2O until the wash

solvent was colorless and the solid relatively dry. The solid was then added to H20. and the resulting partialI
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smutiow wu-acidified to pH 5 by tht dropwise addition of glacial AcOH with stirring. The resulting solid

was collected and dried in vacu. When required, the compounds were further purified by reprecipitating

them from solution in dilute NaOH by treatment with glacial AcOH to pH 3 followed by drying as before.

(2) The following isolation method was used if acidification of the solution of the Na salt of the

product did not result in the formation of a precipitate (e.g.. Compound 72). The solid was collected, washed

with Et2O, suction dried for a time, then dissolved in H20. The resulting solution was acidified to pH 5 by

the dropwise addition of glacial AcOH with stirring. The solution was then extracted with Et2O and the Et2 O

solution was evaporated until crystallization occurred. The resulting crystals were collected and dried in vacuo

giving the desired product as off-white or light-yellow solids. Analytical data for these compounds is given

below. The IH NMR spectra of these compounds in Me 2SO-d e indicated each to be largely in enol form.

Ethyl 4-Pheuyl-2,4-dioxobutyrate (72). Yield 40% mp 34-35 C; MS (FAB) m/e 221 (M + I); IR

(KBr) 3045 (w), 3012 (w). 2990 (w), 1728, 1618.9, 1597.5, 1569.8. 1473.5, 1336.2, .321.3, 1279.8, 1278.0.

1241.1, 1184.1, 1099.8, 1018.4, 768.3, 705.9 cm'I; 1H NMR (Me2SO-de) 6 9.0S (d, 2, H-2). 7.72 (m, 1. H4').

7.5g (m, 2, H-31. 7.12 (br s, I. H-3), 4.32 (q. 2, -OCH 2CH3), 1.32 (t, 3, -OCH;CHj, also very weak

multiplets at 7.98. 4.23. and 1.24 for the keto tautomer. Anal. Calcd for C,2H12 0 4" C% 65.45; H, 5.49. Found:

C, 65.48; H, 5.67. This compound was previously reported1 O to have mp 46 "C.

Ethyl 4-(4-Chlorophemyl)-2,4-dioxobutyrate (73). Yield 99%; mp 58-60 "C; MS (FAB) rn/e 255

(M, +); IR (Kbr) 3117(w), 2988 (w), 2945 (w), 1730.1, 1719.9, 1590.8, 1480.8, 1367.3, 1299.8, 1279.4, 1270,

1176.6, 1108.2, 1090.5, 1009, 779.3, 767.2 cm'l; IH NMR (Me2SO-d) 6 8.08 (d, 2, H-31, 7.64 (d, 2, H-2).

7.09 (s, I, H-3). 4.32 (q, 2. -OCHICHs), 1.32 (t, 3, -OCH2CH3), very weak multiplets at 7.98, 4.23, 1.25 for

the keto tautomer. Anal. Calcd for C12:H11CIO4: C, 56.69; H, 4.37. Found: C, 56.41; H, 4.35. Compound

73 was previously reported' s to have mp 68-70 "C.

Ethyl 4-(4-Nitropheuyl)-2,4-dioxobutyrate (74). Yield 75%; mp 110-113 "C; MS (FAB) mie 265

(M+ I); IR (KBr) 3120 (w), 2985 (w),'940(w), 1720.8. 1630.7. 1603.2, 1570, 1518.8, 1348.2, 1320.5, 1305.1,

1270.5, 1218.7, 111.2. 1106.7,872.35, 759.3 cm1; 'H NMR (Me 2SO-d) S 8.32 (q, 4, Ph-H's). 7.13 (s, I, H-3),

4.33 (q, 2, -OCH 2CH3), 1.33 (t, 3, -OCH2CH3), very weak multiplets at 8.21, 4.23, 1.25 for the keto tautomer.

Anal. Calcd for C12H11N0: C, 54.34; H, 4.15; N, 5.28. Found. C, 54.22; H, 4.34; N, 5.42. Compound 74
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was previously reported17 to have sp 116-117 *C.

Ethyl 4-(2,4-Dfluoropheayl)-2,4-dxobetyrate (75). Yield 99%; Mp 102-104 "C; MS (FAB) m/e

256 (M 1); I (KBr) 3112 (w), 3085 (w), 2997 (w), 1723.9, 1604.5, 1491.1, 1369.2, 1280.1, 1264.1, 1236.6,

11436, 1100.4, 972.1, 879.7, 931.6, 781.1 cm", H NMR (MerSO-d*) 6 8.0 (m, 1, H-6), 7.48 (in, 1, H-3),

7.30 (m, I, H-5". 6.87 (s, I, H-3), 4.31 (q, 2, -OCHCHI), 1.3 (t, 3. -OCHXCN). Wo very weak multipleu

at 7.95, 4.24, 1.26 for the keto tautomer. Ana. CAWcd for CuHqF3 O4; C, 56.03; H, 4.28. Found: C, 56.15;

H, 4.04.

Ethyl 4-(4-F umpbeayl-2,4-41xoltyrate (76). Yield 99M- up 41-43 MS (FAB) sm/e 238 (M
* Ik IR (KBr) 3055 (w), 2990 (w), 2905 (w), 1728.3, 1626.4, 1597.8, 1301.7, 1277.7, 1266.3, 1231.1, 1158.0,

856.9, 775.8, 591.0 cm "n , 'H NMR (Me -SO.) 6 13.23 (s, I, ii-3), 8.02 (q, 2, H-2), 7.19 (t, 2, H-3, 7.04

(s, I, H-3), 4.41 (q, 2, -OCHJCH$), 1.42 (t, 3. OCH 2CH3), also very weak muitiplets at 1.25 for the

unenolized tautomer. Anal. Cald for C, 2HIFO,: C, 60.50; H, 4.66. Found: C, 60.12; H, 4.73.

Ethyl 4-(2,4,Dlmethoxypheayl)-2,4-dioxobet~rate (77). Yield 43%; Mp 78-81 "C; S (rAB) M/a

280 (M + 1); IR (KBr) 3170 (w), 2960 (w), 2845 (w), 1607.1, 1598.2, 1576.3, 1269.7, 1240.7, 1216.4, 1175.9,
1112.8, 1018.2, 879.8 cm1 ; IH NMR (MeSO-ds) 6 7.96 (d, I, H-2), 7.32 (s. I, H-3), 6.58 (s, I. H-3, 6.47

(d, 1, H-5'). 4.38 (q, 2, -OCHaCH3), 3.93 (s, 3, CH3O-4"), 3.87 (s, 3, CHSO-2'), 1.32 (t, 3, -OCH 2CH3), very
weak muitiplets at 4.15, 3.47, 1.3 for the unenolized tautomer. Anal. Calcd for C, 4HjsO6.0.33H 20. C, 58.74;

H, 6.23. Found: C, 5 99; H, 5.97.

Ethyl 4-(4-Medloxypheayl)-2,4-dioxobjtyrate (78). Yield 48%; mp 44-46 "C; MS (FAB) m/e 250
(M + 1); IR (KBr) 3005 (w), 2985 (w), 2945 (w), 1720.9. 1600.8, 1311.1, 1263.6, 1169.0. 1108.8. 1023.4,

773.44. 585.9 cm't IH NMR (Me 2SO-ds) 6 8.08 (d, 2, H-3), 7.13 (s, 2, H-2), 7.09 (s. I. H-3), 4.32 (q, 2, -

OCH 2CHs), 3.88 (s, 3, -OCHS), 1.32 (t, 3 -OCH3CH3), very weak multiplets at 7.96, 4.54. 4.23, 1.32 for the

unenolized tautomer. Anal. Calcd for C, 3HI 40$: C, 62.40; H, 5.60. Found: C, 62.26. H, 5.76.

Ethyl 4 -(3-Triflmoromaohylpheyyl)-2,4-dlxobulyrate (79) was prepared from 3-
(trifluoromethyl)cetophenone as described in the general procedure. Pure 79, yield 29%; mp 32-33 "C, Save

the following characterization data. Anal. Calcd for C13 HIiF3O4: C, 54.17; H, 3.85. Found: C, 54.12; H, //

4.12. Spec:ual date: mass (FAB) m/e 289 (MH*); 'H NMR (MegSO-ds) 5 8.39 (d, I. H-4"). 8.32
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4s. 1. M-2), ,K 4d, l.,H-6'). 742 t{, 1, M-5), 7.20 (s. 2.H-3), 4.42 (q. 2. -OH 2CH), 1.32 (t. 3, -

i OCHSCH 3), also very weak multiplets at 4.23, 1.24 for the unenolized tautomer.

Triethyl ',e",7,7,"-Hezalxo- 1,3,o-bheeetrihutaneate (30) was prepared by adaptation of the

general procedure from 1,3,5-triacetylbenzene and three molar equivalents of diethyl oxalate using three

molar equivalents of sodium ethoxide. Pure 80 was obtained as a monohydrat, yield 25%; mp 115 C dec.

and gave the following characterization da.. And. Caled for CuH240U.HsO. C. 55.17; H, 4.98. Found:

IC, 54.97; H, 4.13. Spectral datr. mass (FAB) /e 522 (MHe 11H NMR (MeSO-de ) S 8.5 (s,3, H-2), 6.80

(s, 3, H-3), 4.27 (q. 6, -OCHsCHs), 1.31 (t. 9, -OCHCHs), also very wcak multiplets at 4.40. 4.07, 1.50, 1.19

I for the unenolized rautomer.

I Ethyl 4-(3-FluenaphemyJ)-2,4-dioxoelyrate (81). Mp 56-57 C, MS (FAR) m,e 239 (M + I); KR

(KBr) 3098.8, 2995.6, 1742.1, 1621.4. 1609.3, 1579.4, 1447.6, 1269.3. 125,.4, 1181.6, 1137.4. 1024.1. 774.3

I cm' HNMR (MeSO-d e) 5 14.60 (br s, 1, H-4). 7.94 (d, I. H-6). 7.17 (d. 1. h-5). 7.63 (m, 1. H-2), 7.58

(m, 1, H-4'), 7.13 (s, *, M-3), 4.32 (q. 2, -OCH 2 CHS). 1.33 (t 3. -OCHCH3). also very weak multiplets at

1 4.61, 4.21. 1.26 for the unenolized tautomer. Anal. Calcd for C.H, 10 4: C. 60.50, H. 4.62. Found: C, 60.56;

IH. 4.69.

Ethyl 4-(3-Metboxyphenyl)-2,4-dioxobetyrate (82). Mp 53-54 C; MS (FAB) m/e 2531 (M + ); IR

(KBr) 3132.4, 3089.9. 3000.0. 2845.6, 1742.4, 1595.6. 1580.0, 1470.0, 1185.2, 1133.6, 1021.4. 772.9, cm 1 ;

I HNMR (MerSO-ds) 5 14.70 (br s, I, H-4). 7.65 (d. 1. H-6), 7.51 (s, 1. H-2). 7.48 (d, I, H-5'). 7.27 (m, I,

H-4), 7.08 (br s. 1. H-3), 4.32 (q, 2. -OCH 2CH3), 3.85 (s. 3, -OCH$), 1.33 (t, 3, -OCH 2CH3 ). also very weak

multip.et at 4.60 for the unenolized tautomer. Anal. Calcd for C13HI 40: C. 62. 40; H, 5.60. Found: C, 62.34;

H. 5.78.

Ethyl 4-(i-Choropheayl)-2,4-dioxobtyrate (83). Mp 55-57 C; MS (FAB) m/e 255 (M I); IR

(KBr) 3120.9, 3100.0. 3016.6, 2999.1, 2950.1. 2917.6, 1975.0. 1732.4, 1626.9, 1607.9, 1594.8, 1560.7. 1363.7.

1276.8, 1271 6. 1267.0. 1223.9. 769.2 c.m- 1; 1 HNMR (MeSSO-ds) 6 14.30 (brs. 1, H-4). 8.06 (s. I, H-2). 8.02

(d. 1. H-6'). 7.76 (m. 1, H-4'), 7.60 (t, .H-1.'), 7.09 (br s, I, H-3). 4.32 (q. 2, -OCH 2CH$). 1.33 (t, 3,

-OCH2CHS). also very weak multiplets at 4.62. 4.19, 1.22 for the unenolized rautomer. Anal. Calcd for

C12HICI0 4: C, 36.69; H, 4.33. Found: C. 56.56; H, 4.30.
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Eth)l 4-(3-Nltrophemyl)-2,4-dioxobetyrate (34). Mp 73-74 "C; MS (FAB) m/e 266 (M + 1); ER

(KBr) 3073.9, 2993.5, 1735.7, 1614.0, 1604.0, 1530.8, 1477.2, 1366.0, 1349.8, 1272.3, 1130.7, 1072.6, 1019.2,

711.5, 714.1, 673.4 Cm- ; I HNMR (Me 2SO-de) 6 8.71 (s, 1, H-2), 8.51 (m, 1, H-6), 8.51 (m, 1, H-41, 7.87

(t, I, H-51, 7.18 (br s, 1, H-3), 4.35 (q, 2, -OCH2CHS), 1.33 (t, 3, -OCHSCH3). also very weak multiplets at

4.73, 4.25, 1.25 for the unenolized tautomer. And. CakdI for CuH1INOo: C, 54.34; H, 4.15; N, 5.28. Found-

C, 54.26; H, 4,16; N, 5.14.

Ethyl 4-(3-Metbylphenyl)-2,4-dlozebuyrate (85). Mp 37-39 'C; MS (FAB) a/e 235 (M + I); IR

(KBr) 2987.5, 1976.2, 1729.1, 1627.3, 1597.9, 1591.2, 1579.2, 1518.2, 1511.5, 1470.9, 1444.2, 1364.8, 1270.7,

1257.7, 1175.5, 1115.6, 1108.2, 1085.5, 1029.0, 867.9, 770.2, 628.1 cm-'1; 1 HNMR (MeS-) 6 7.82 (br s,

I, H-2), 7.80 (d, I, H-6), 7.45 (m, I, H-S), 7.45 (m, , H.4, 4.40 (br s, 2, H-3), 4.27 (q, 2, -OCH2CH3 ),

2.19 (s, 3, CHo3p), 1.29 (t, 3, -OCH 2 CI3 ), also very weak multiplet at 6.90 for the unenolized tautor.er.

Anal. Calcd for CIH 140: C, 66.67; H, 5.98. Found: C, 66.70, H, 6.04.

Ethyl 4-(3-Pyridyl)-2,4-dloxobutyrate (86) was prepared by adaptation of the general procedure

from 3-acetylpyriline. Pure 73, mp 64-65 *C, gave the following characterization data. MS (FAB) m/e 221

(M + I); IR (KBr) 3095 (w), 2975 (w), 2875 (w), 1732.6, 1630.1, 1605.9, 1590.5, 1422.3, 1317.4, 1295.9,

1260.7, 1125.9, 1027.0, 1016.1, 776.5, 696.7 cm'1; 'H NMR (MerSO-de)6 9.22 (d, I. H-2), 8.84 (m, I, H-4),

8.43 (m, 1, H-6), 7.62 (m, 1, H-5), 7.16 (s, I, H-3), 4.32 (q, 2, -OCH 2CH3 ), 1.34 (t. I -OCH2CH3 ), very

weak multiplets at 9.17, 8.71, 8.33, 4.67,4.25, 2.14, 1.3 for the unenolizee tautomer. Yield 35%. Anal. Calcd

for CtIHINO4: C, 59.73; H, 5.43; N, 6.33. Found: C, 59.74: H, 5.09;, N, 6.28.

Synthesis of Ethyl 3-Methyl-4-pheuyl-2,4-doxobutyrate 88.

Sodium methoxide (3.81 a. 70.6 mtol) was dissolved with stirring in 60 mL absolute EtOH. A

solution of propiophenone (9 a, 67.06 mtol) in 30 mL EtOH was added dropwise over I h. The reaction

mixture was stirred I h before a solution of ethyl oxalate (11.8 S, 80.8 mmol) in 20 mL EtOH was added

dropwise over 20 min. The reaution mixture became cloudy and developed a bright yellow color during the

addition. After 2 h of stirring at room temperature, the solution was evaporated to a yellow sum. The gum

was treated with ice and water then acidified with conc. HCI. The reaction mixture was extracted & .th'two

portions of ether (300 mL, 100 mL). Extract and washings were pooled, washed with H20 containing 2 mL

SOmuVuWu Ueaftru mow" we
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Jaturated NaIQ, solution, and then with saturated NaCl solution. The extract was dried. filtered and

evaporated. Tte crude product was purified by flash chromatography usinj approximately 100 8 of jilica

Sel. The column was developed with 20:I hexane-ethyl acetate (HE) and the product was eluted with 9:1 HE.

A remaining trace of an impurity was removed by rechromatographing the product (300 8 silica). Yield, 2.1

8; MS (FAD) me 235 (M + H); IR (KBr) 1751, 1731, 1673, 1450, 1291, 1269, 1248, 1208, 1112, 1040, 708

cm- IH NMR (CDCIs) 1.29 (t, 3H, -CHsCH 5), 1.47 (d, 3H, -CHCH1), 4.27 (q, 2H. -CHCH3), 5.05 (q, IH,

-CHCH ), 7.51, 7.62, 7.99 (3 m. 5H, phenyl). An . Caled for CU3HI40 4,0.IHsO. C, 66.15; H, 6.06. Found:

C, 66,18; H, 5.94.

4-(4-Metboxypheayl)-2,4-dloxobutyric Acid (89). A solution of ethyl 4-(4-methoxy-phenyl)-2,4-

dioxobutyrate (78) (2.00 8, 8.00 mmol) in EOH (50 mL) containing KOH (2.0 g, 36 mmol) was kept at 20-25

"C for 3 days. The yellow solid that gradually formed was collected, washed with EtOH, and suction dried

on the funnel. The solid was stirred with H20 (25 mL) to give a partial solution. "he mixture was kept in

an ice-H 20 bath while it was stirred and carefully treated with I N HCI to lower the pH to I. The precipitate

that formed was collected, washed with H20, and dried in vacuo to give £9, mp 108 "C dec, in $$1. yield (1 .55

g). Anal. Calcd for CIIH,*Os: C, 59.46; H, 4.50. Found: C, 59.25; H, 4.58. Spectral data: Mass, ml: 222,

M+; IH NMR 5 3.88 (s, OCHS), 7.00 and 8.07 (two d, C.H,).

4-(4-Nitrophenyl)-2,4-doxobtyric Acid (90). A stirred suspension of 74 (2.00 8, 7.55 mmol) in

6 N HC! (100 mL) was kept at 80 "C for 16 h. The mixture was allowed to cool to room temperature, and

stir "ing was continud two days lonaer before the insoluble solid present was collected, washed with H.O,

and dried in vacuo. This material proved to be pure 90. yield 64%; mp 167-173 "C dec, in 64% yield (I.15

g). Anal. Calcd for C1oI7 NOG. C. 50.63; H, 2.95; N, 5.91. Found C, 50.62, H, 3.06; N. 5.94. Spectral data

(mass, 'H NMR, IR) support the assigned structure.

General Procedure for the Proparation of the Pheayl-substltuted 4-Phenyl-2,4-dicxobutyrlc Acids

91-9S.0-

A solution of the appropriate ethyl ester (3.0 a) in EtOH (50 ml) containing KOH (3.0 g) was kept at

20-25 *C for 3 days. The solid that gradually formed was collected, washed with fresh EtOH, and suction

dried on the funnel. The solid was then stirred in H2O (25 ml) to give a mixture which was carefully treated

with 0.63 N HCI until the pH was lowered to I. The resulting lighter-colored precipitate was collected,
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washed with 1120, and dried in racn. (When required, the compounds were further purified by esddition

to H20. reacidifyin8 with 0.63 N HCO to pH 1, and drying in vacuo )

4-(3-Triflu ethylpheanyl)-2,4-diozbotyric Acid (91). Yield, 86%; op 131-132 "C; MS (FAD)

rle 261 (M + ); And. Calcd for C11H7O,F3: C, 30.78; H, 2.71. Found: r. 50.72; H, 2.49.

4-(3-Flu ometbylphenyi)-2,4-dloxobetyric Acid (92). Yield, 88 %; -ip 129-132 "C; MS (FAB) m/e

211 (M , I k Anal. Caled for C1oH,0 4 F H20 C, 52.63; H, 3.95. Found: C, 52.52; H, 3.85.

4-(3-Metboxypenyl)-2,4-dioxobutyric Acid (93). Yield, 87%; mp 139-142 C; M (FAB) W/ 223

(M + Ik Anal. Caled for CIIHOs: .C, 59.46; H, 4.50. Found: C, 59.12; H, 4.41.

4-(3-Methylpheuyl)-2,4-doxomtyric Acid (94). Yield, 90%; mp 122-125 *C; MS (FAB) rn/e 207

(M + 1); Anal. Cacd for C11H180, H20' C, 63.52; H, 4.91. Found C, 63.41; H, 4.96.

4-(3-Chloropheayl)-2,4-dloxobutyric Acid (95). Yield, 88%; mp 145-148 *C; IS (FAB) m/e 227

(M + I); Anal. Caicd for Cj 0H9OC1,0.3H20: C, 51.76; H, 3.30. Found: C, 51.64; H, 3.26.

Potassium 4-(2,4-Difluorophenyl)-2,4-dioxobtasoate (96). Ethyl 4-(2,4-difluorophenyl)-2.4-

dioxobutanote (75) (2.0 S) was added to a solution of KOH (2.0 S) in EtOH (50 mL). The solution was stirred

at 20-25 *C. and, after 3 days, a white precipitate had formed. The salt was collected, washed with EtOH,

and dried in vacuo to give 96. Yield, 95%; mp 215 *C dec. Anal. Calcd for C1oHsF 2KO4: C, 55.17; H, 4.98.

Found C, 54.97; H, 4.83. Spectral data: MS (FAB) m/e 266 (M-H); 1H NMR (Me2SO-d*) 5 7.79 (q. I, H-

2). 7.29 (m, I, H-P', 7.15 (m, I, H-5'), 5.60 (s, 2, H-3), also very weak multiplets at 8.07, 7.60, 4.12. 2.70.

2.40 for the unenolized tautomer.

B. DERIVATIVES OF 3-PHENYL-2-OXOPROPIONIC ACID.

As a second class of carbonyl-containing compound capable of cyanide detoxification, we chose to

prepare the series of substituted phenylpyruvates shown below. The synthesis of these substances was based

upon literature methods, beginning with a substituted benzaldehyde 2s shown in the following equations.

Condensing the benzaldehyde with N-acetylglycine gave oxazolinone (A) which was then treated with acid

to cleave the ring, yielding the desired pyruvic acid derivative. Table 9 summarizes the data obtained for

these compounds.
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General Synthesis of Substituted Pheiyl Pyruwates (3-PheuyI-2-oxoproploaates).

A solution of N-acetylslycine (7.0 S. 60 mol) in 20 mL acetic acid and 21 mL acetic anhydride

containing sodium acetate (14.4 S. 176 mmol) and 64 mmol of a substituted benzaidehyde was stirred at 100

"C for 2 hrs. After the solution was cooled to 10 *C, 100 mL H2 0 was added with vigorous stirring. The

resulting precipitate (A) was cullected by filtration.

A solution of A in 150 mL HOAc was heated to 100 *C. Five mL H:O was added and the solution

stirred at 100 "C for 15 min. Upon allowing the solution to cool slowly to room temperature, a precipitate

formed (B). In cases where no precipitate formed, the solution was then stripped to dryness to obtain B. The

suspension of B in 150 mL 3 N HCI was then stirred at reflux for 7 hrs. After the mixture was cooled to 0

"C, the product C was collected by filtration and washed with cold H2 0 and dried under vacuum.

3-(4-Ntrophe-yl)pyruvic acid 97 (exists prima. ily in enolized form).

Mp 182-184 "C; MS (ne8. fab) le 208 (M - i); IR (KBr) 3475.7, 3473.2, 3075.0, 1975.0, 1765.0,

1681.4, 1591.7, 1512.5, 1446.6, 1324.6, 1316.4. 1244.4, 1205.1, 875.36, 862.92 cm'l; IH NMR (MeSO-d 6 ) 6

13.60 (br s, IH, H*) 10.26 (br s, IH, H*), 8.19 (n, 2H, H-31, 7.98 (m, 2H, H-21, 6.54 (s, IH, H-3). There

was also a small signal (1/14 the intensity of the peak at 6.54) at 4.38 for the unenolized tautomer. Anal.

Calcd for C H7 NOs: C, 51.67; H, 3.35; N, 6.70. Found: C, 51.84; H, 3.32; N, 6.55.

3-(4-Bromopheayl)pyruvlc acid 98 (exists primarily in enolized form).

Mp 177-185 "C; MS (neg FAB) rle 242 (M - I); IR (KBr) 3467.8, 3465.8, 1905.9, 1685.4, 1649.5,
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1444.0, 1219.7, 1200.0, 1074.9 cm-, 1H NMR (MerSO-ds) 6 13.26 (br s, IH, H*L), 9.48 (br s, IH, H*), 7.71

(m. 21. H-31, 7.53 (m, 2H. H-2'), 6.37 (s, IH. H-3). There was a small signal (1/14 the intensity of the peak

at 6.37) at 4.15 for the unenolized tautomer. Anal. Calcd for CsH.BeO$: C, 44.44; H, 2.88. Found C, 44.49;

H, 2.87.

TABLE 9. 3-PHENYL-2-OXOPROPIONATES.

Elemental Analyses
Caled

I Molecular Formula Found

Structure No. Yield, % i Mp, "C (Formula Wt.) %C %H %N

97 29 182-184 CHITN05  51.67 3.35 6.70
(209.157)

98 82 177-185 CAH.Br0 3  4.44 2.88
(243.06) 44.49 2.87

99 94 183-187 CH 7 lC03  54.41 3.53
(198.61) 54.08 3.43

100 66 151-156 CH 7 F03  59.34 3.85
(182.15) 59.46 3.88

181 60 1! 4- 145 CH80s 65.85 4.88
(164.16) 66.02 5.07

102 Purchased 204-205 CgHgO 4  60.00 4.44
from Aldrich (180.16) 60.00 445

103 66 175-182 Cl1H 120s 58.93 5.36
(224.21) 58.91 5.42

104 al 180-185 C1oHIO0 4  61.85 5.19
(194.19) 61.90 5.27

3-(4-Chlorpheayl)pyruvlc ac;d 99 (exists primarily in enolized form).

Mp 183-187 "C; MS (neg FAB) m/e 197 (M - I); IR (KBr) 3465.9, 1911.3. 1679.8. 1664.2, 1436.1,

1409.5, 1225.2, 1201.5, 1088.7, 867.55. 821.10 cm'l; 1H NMR (MeSO-d 6) 6 13.31 (br s, IH, H*), 9.47 (br

s, IH, H*), 7.78 (m, 2H, H-3), 7.40 (m, 2H, H-2), 6.39 (s, IH. H-3). There was a small signal (I/14 the

intensity of the peak at 6.39) at 4.18 for the unenolized tautomer. Anal. Calcd for CH 7ClO: C, 54.41; H.

3.53. Found: C. 54.08; H, 3.43.

C. DERIVATIVES OF 4-PHENYL-4-OXOBUTYRIC ACID.

Another selected class of carbonyl-containing compound capable of cyanide detoxification, were the
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phenylbutyrates shown below (105-107). The synthesis of the two esters was based upon literature methods s3

3 by treating either benzaldehyde or 3-bromobenaldahyde with an a,4-unsanu-ated carbonyl derivative in the

presence of sodium cyanide, as shown below. Carboxytic acid 107 was a commer-ial sample (Aldrich

I Chemical Co., Milwaukee, WI). Table 10 summarizes t.,e data obtained for these compounds.

0 0 It r
11 11 -H:I~CO 105: H CZHS

t., CCHXCHICOR, 106:Or CH
ICd108: Dr C,1I*"i1t 07: H .4

0 0 0
101 NeCN I I

3 TABLE 10. 4-PHENYL-4-OXOBUTYRATES

Elemental Analyses
Calcd
Found

Molecular Formula
Structure No. Yield, % Mp, "C (Formula Wt.) %C %H

105 13 Oil C12 H140 $  69.90 6.80
(206.23) 70.07 6.74

106 46 54-57 C12H.3O3Br 50.51 4.56
I (285.12) 50.59 4.65

107 Purchased 117-119 C1oH10 030. 1 H20 66.73 5.72
_ _(Aldrich) (180.0) 66.40 5.52

D. MISCELLANEOUS CARBONYL, DERIVATIVES.

I Four additional carbonyl- or polycarbonyl-containing compounds of varying structural types were

prepared and submitted during this report period. Compounds 108 and 109 were prepared in a similar

fashion to 105 and 106. employing methyl vinyl ketone in the condensation in place or ethyl acrylate, as

shown in the following equation.as

3 <O CCHCHCCN: 108: H
100: qr

00 0
If I&CH 11 11

3..c).C,,
It CH HCCHCCH$3  R CCHsCHCCH,
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The triketones 10 and 111 were also submitted; these derivatives were prepared through the base-

catalyzed condensations of methyl keton, precursors as depicted belowA33 4

0
00 I

IRC5 sOCCOC2H6  + CH3CW'..
CtS, SCOXCO COaOSCtRD

110

0- 
.. 0 0 0 0 .- .

General Procedure for Synthesis of 4-Pheyl-4-exobutyrate Esters.

A solution of the appropriatel:- substituted benz:ldehyde (0.05 moel) in anhydrous DMF (S0 mL) was

added dropwise to a stirred mixture of sodium cyanide (0.025 mol) in DMF (50 mL) at 35 *C under nitrogen.

After 5 min. a solution of ethyl acrylate (0.0375 ml) in DMF (50 mL) was added over a 20 min period, with

the temperature maintained at 35 *C. Stirring was continued for 3 hr. The solution was then treated with

two volumes of H2 0. After repeated extractions with CHCI$, the pooled extracts were washed with 3 N HC1,

saturated NaHCO3 solution, and finally with H30. After removal of the solvent the residue was purified by

column chromatography.

Table I I summarizes the physical properties of these four miscellaneous carbonyl compounds.

TABLE 11. MISCELLANEOUS POLYCARBONYL DERIVA IVES

Elemental Analyses
Calcd
Found

Molecular Formula
Structure No. Yield, % Mp. *C (Formula Wt.) %C %H

108 63 Oil C1 1H1202  75.00 6.82
(176.21) 74.67 7.09

109 49 78-81 CH111 1 02 Br 51.76 4.31
(255.10) 51.72 4.28

110 52 98-100 C 11H 1402  51.16 5.46
(258.22) 51.13 5.49

111 72 I05-108 C17H 140 $  76.68 5.30
(266.30) 76.42 5.17
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Ftkyltr 4-,hayl-4- oxbstyrate (105). MS (FAB) m/e 207 (M , 1); [R ,KBr) 3063.5. 2984.9. 2250. 1.

S1734.4, 1688.5, 1449.1, 1375.4, 1364.4, 1349.2, 1263.7, 1244.7, 1218.7, 1179.4, 1166.8. 749.71, 691.43 ctn".

Anal. Calcd for CUH1 40, C, 69.90; H, 6.80. Found: C, 70.07; H, 6.74.

I Ethyl 4-(4-bromopheuyl)-4-oxobvtyrate (106). MS (FAB) m/e 285 (M + 1); mp 54-57 "C; IR (KBr)

985.5,2979.1, 1729.4, 1670.8, 1583.4, 1423.0, 1400.3, 1320.6, 1305.6, 1185.8, 3176.6, 1069.1,989.33, 788.72

cm " . And. Caled for C12H1sOsBr C, 50.51; H. 4.56. Found: C. 50.69; H, 4.65.

1 General Procedure for Synthesis of 1 -Phenyl- 1,4-peutaaedones.

A solution of the appropriate substituted benzaidehyde (0.1 mol) in anhydrous DMF (50 mL) was

I added dropwise to a stirred mixture of sodium cyanide (0.01 mol) in DMF (50 mL) at 35 "C under nitrogen.

After stirring 5 min, a solution of freshly distilled methyl vinyl ketone (0.048 ml) in DMF (50 mL) was

added over a 20 min period, with the temperature maintained at 35 *C. Stirring was continued for I h. The

reaction mixture was then treated with two volumes of H20. After repeated extractions with CHCI3 , the

combined extracts were wasned with 3 N HCI, saturated NaHCO3 solution, and finally w,th H2 0. After

1removal of the solvent, the residue was vacuum distilled and further put if ied by column chromatography.

I-Phoayl-l,4-pentancdloae (108). MS (FAB) m/e 177 (M & I); IR (KBr) 1710.0. 1686.0, 1596.6.

1448.9, 1398.9, 1359.9, 1242.7, 1212.5, 1163.1. 1001.8. 746.13,691.15,349.11 cm't ; Anal. Calcd forC 1 H 2 O.:

C, 75.30; H, 6.82. Found: C, 74.67; H, 7.09.

1-(4-Bromophenyl)-1,4-pentanedione (109). MS (FAB) rle 255 (M + I); mp 78-81 C; IR (KBr)

1 1707.6, 1677.4, 1585.6, 1567.3. 1408.3, 140.01, 1389.8, 1352.8. 1315.8, 1209.9. 1070.0, 992.41. 847.90, 826.99

Cm'1; Ant'. Calcd for C1 1 H1 102Br C, 51.76. H. 4.31. Found: C. 51.72; H, 4.28.

Procedure for the Preparation of Diethyl-2,4,6-trioxoheptanedioate (110).

Freshly cut Na (4.6 g, 0.2 mol) was added to absolute ethanol (100 mL) under nitrogen. The mixture

was stirred until the Na had completely dissolved. Approximately one-half of the sodium ethoxide solution

was poured into a screw-top Erlenmeyer and kept at 60 *C, 5.898 (0.1 mol) of acetone mixed with 15 a (0.103

mol) ';ethyl oxalate was added in one portion to the stirred sodium ethoxide solution at room temperature.

resulting in a thick yellow slurry. The heated sodium ethoxide solution was then poured into the slurry.

together with 16 g (0.11 mtol) diethyl oxalate, the two streams being allowed to mix as they flowed into the
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flask. The reaction was allowed to stir at room temperature for 45 min. The flask was then equipped with

a distillation condenser and heated in an oil bath until aporoximately 25 mL EtOH had distilled. The flak

was then allowed to cool to room temperature. The slurry was poured into a large beaker -ver 80 S cracked

ice, then acidified with 30 mL concentrated HCO. The mixture was stirrel until the ice had melted and the

resulting yellow precipitate was collected by filtration washed several times with HSO. and dr:ed in vacua.

Dlethyl-2,4,6-triuxoheptaaedlate (110). Yield. 52%j MS (FAB) m/e 259 (M # 1); IR (Kar) 3106.4,

2982.9, 1732.9, 1644.2, 1634.5, 1406.1. 1388.2, 1370.9, 1337.6, 1277.2, 1266.2, 1136.6, 1122.1. 1116.1. 1109.3,

1030.8, 878.22, 869.34, 820.30, 783.36, 716.09, 613.54 cm " ' Anal. calcd. for: C11H1,010. C. 51.!6; H, 5.47.

Found. C, 51.13; H, 5.49.

1,5- Diphenyl- 1,3,3- ptetanetrione (111).

A well stirred suspension of NaH (4.8 g, 0.2 mol; 60% suspensicn in mineral oil, 8 8) in 100 mL dry

THF under argon was heated at g-ntle reflux ant; treated witf a solution of betazoylacetone (6.5 8. 0.04 maI)

and methyibenzoate (8.2 g, 0.06 mol) in 100 niL THF .ver I 1/2 h. After a further I h reflu-, the reaction

was checked by TLC. Benzoylacetone remained so I mL additional methylbenzoate wrs added, followed by

2 h reflux. The reaction mixture was cooled and stored at room temperature overnight, then concentrated

to a small volum.e at reduced pressure and taken up in -200 mL ether. The ether solution was treated with

-200 mL H20 (initially dropwise-vigorous). The organic layer was separated. washed with 100 mL H.O. then

100 mL 1% NaOH, and pooled the aqueous extracts back washed with 150 mL ether. The acueous phase was

chilled in ice bsth. ice added t, the solution, which has then acidified with concentrated HCI (30 mL). The

product, which crystallized, was collected; yie;d 8.7 g (82%). One recrystallization from hot EtOH yieided

6.9 g (72%). Mp 105-108 'C shining yellow platelets. MS (FAB) m/e 267 (M + H)*. 147 (.M - OCOCH.). IR

(KBr) 1603, 1595. 1567, 1538. 1493, 1450. 1378, 1280.1163,1 i157,895, 775.690.6$5 cm'I; IH NMR (CDCIt)

(mixture of ketone. enol isomers) 6 14.75 (s, 1-2, enolOH), 7.4-7.9 (2m, 10, aromatic H). 6.11 (s. I,

C(OH)-CHC(O)), 6.02 (s, 2, enol; CH), 4.1 l(s. 2. CH2 ). Anal. Calcd for C17H1403: C. 76.68. H, 5.30. Found:

C, 76.42; H, 5.17.

V. METAL COMPLEXES

We also embarked on a synthetic program to explore the Mtility of metal complexes. including
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r orphyrins, 'ptnhaocyunines, and inorganic cobalt species, for cyanide antagonism. Our premise for this

I approach was that we could select metal ions with high affinities for cyanide and attempt to reduce the

to:icity of these metals by sequestering them in suitable water-soluble complexes. Thus, cimple EDTA

complexes of cobalt are already employed as cyanide antidotes in several countries, and therefore, we felt that

3 Ithese EDTA complexes supported further investigation of this concept. After consultation with the Contract

Officer, we submitted four cobalt salts (112-115) based upon our belief that the combination of cobalt with

counterions that might also detoxify cyanide, such as nitrite or thiosulfate, might be doubly expedient. One

of the submitted compounds, SRI 8622, was a commercial product purchased from Aldrich Chemical Co.,

- I Milwaukee, WI. We also prepared the five additional systems depicted below (116-120); unfortunately, no

3 • biological data has been received for any of our metal complexes, so further synthetic activity ini this area

was suspended. The physical properties and structures of some of these compounds are also presented in

Table 12 and the following page.

* EXPERIMENTAL SECTION FOR PART V.

Hydroxycobaltoushydroxycobaltin itratenitrite (112).3

HN03+ A03 --. 2. 1 -----.-. Co 4 Coa(N0 2)8(N0 3 )2 (OH) 4 .X. 8
H20

3 SoRI 8620.

The procedure of Suzuki was repeated. Arsenic(IIl) oxide (30 S) was treated dropwise with conc

HNO3 . As enough liquid became available the mixture was stirred and warmed to 50-55 "C and a slow stream

of argon was used to facilitate the generation and transfer of dinitrogen trioxide; this gas in turn was bubbled

into a stirred :queous suspension of CoCO s until it almost completely dissolved. The insoluble CoCO3 was

5 removed by filtration and the filtrate was evaporated in vacuo below 30 "C. Yield, 4.0 g; IR (KBr) 1389, 1356

cm-1 .

I Potassium Cobaltous Tetrasitrite (113).36

I coct + KNO t  - Co(NOt) t . 2KNot.Hao

SoR! 8621.

3 The reaction described by Remy was repeated as follows:

I
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Cobaltous(II) chloride (5 a, 38.5 mnol) was dissolved in 75 mL HsO. The KNO2 (13.1 s, 0.15 mol)

dissolved in 25 mL HSO was added to the reawtion solution with stirring. The mixture became turbid, and

after standing at room temperature 20 min was tidtered to provide a clear solution. Addition of some etlanol

I facilitated the formation of a yeUow precipitate, which was collected, washed with additional ethanol, and

I dried in vacuo over phosphorus pentoxide. Yield, 7.9 g; IR (KBr) 139S, 1334, 829 cm 1I.

TABLE 12. METAL COMPLEXES

Elemental Analyses
Calcd
Found

Mo:ecular Formula %H.%
Structure No. Yield, % (Formula Wt.)

112 Remarks: This compound has not been characterized. The
literature proedure was followed and we assume the product
to be as described.

113 Remarks: This compound has not been characterized. The
literature procedure was followed and we assume the product
:o be &A, described.

114 -- Remarks: This compound ha not been characterized. The
(Commercial literature procedure was followed and we assume the product
Sample) tu be as described.

I15 87 Remarks: This compound has not been characterized. The
litt.ature procedure was followed and we assume the product
to be as described.

116 -- CssHjlNsOz2S4Na 4Ni.4HzO 36.55 1.91 10.65
(1.051.45) 36.17 1.99 11.63

117 -- Cs2H 12N&O12S4Na 4Mn,6H20 36.20 2.37 10.45
I_(1,083.74) 36.00 2.00 10.45

118 -- C44H2aNaO 2Mn-4.SH 20 49.43 3.48 5.23

i (996.73) 49.63 3.20 4.87
I - I - duomaU

Cobalt(ll) Thlosulfate (11S).37

CoS0 4  + BS 20 3  -' CoS2 0 3  + BaS04

SoRI 8623.

3 A filtered solution of cobalt sulfate (3.2 S, 18.7 mmol) in 50 mL of hot water was added to a filtered

I
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4olauseof barium thivulfate.(5 S. 13.7mmol) -in -100 mL of wmn water. The mixture was stirred well

and stored at S "C overnight. The white precipitate, which had formed immediately, was removed hy

filtration through a celte pad. The filtrate was evaporated to dryness in vacuo below 30 *C. The product was

dried in vacuo at room tomperature over phosphorus pentoxide. Yield. 2.8 & (black to dark blue powder); IR

(KBr) rounded peaks 3425, 1625, 1140, 1110, 650 cm"1.

Syntheuis of Teuaamuoalmmtegr(p-sulfopheayl)perhile, Tetraphenylporphine (2.0 S) ,Was

suspended in concentrated H5SO4 (50 mL), heated on a steam bath for 6 h, then allowad to stand at room

temperature overnight. The mixture was diluted with two volumes of water. The resulting bright green

precipitate was filtered and washed with acetone. The residue was transferred to a beater and dissolved in

150 mL of methanolic ammonia; impurities were filtered out. The sulfonated porphyr;'t was precipitated

from the filtrate with three volumes of acetone, then reprecipitated six times from methanol and acetone.

The product was finally dried under reduced pressure over P2Os. Anal. Calcd for C, 4H3sN&OjsS.*9H 20. C,

44.23; H. 4.17; N, 9.66. Found: C, 44.26; H, 4.18, N, 9,46.

Synthesis of tetraphemylporphyrin tetrasulfonates, tetrasodlum Salts. Tetraphenylporphine (2.0 g)

was suspended in concentrated H2SOi4 in a 250 mL RB flask, equipped with a condenser and drying tube.

The mixture was heated on a steam bath for 6 h and then left overnight. The viscous green mixture was

diluted carefully with water (150 mL) and was allowed to cool to room temperature. The green precipitate

was collected by filtration and washed with acetone. The residue was suspended in 150 mL of water with

celite, and slowly neuterlized with a saturated solution of sodium carbtnate until the green precipitate turned

purple. The mixture was then filtered to remove celite and unreacted tetraphenylporphine. The w-iter was

removed under reduced pressure. The residue was dissolved in methanol, filtered, and the residue washed

with methanol, t. remove the impurities. The methanol was removed and the residue again dissolved in

methanol and filtered. This procedure was repeated 4 times to generate the pure product. Anal. Calcd for

C44H2 N4 O1AS4Na 4.I2H.:O C, 42.68; H, 4.06; N. 4.52. Found: 42.65; H. 4.17; N, 4.33.

Preparation of Tetrasodlum Salt of Nanganese (11) and Nickel(ll) tetrassuafophthalocyanine (117 and

116). This procedure is adapted from the method of Weber and Busch. 4°

The monosodium salt of 4-sulfophthalic acid (0.04 mol), ammonium chloride (0.02 mol), urea (C.24
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I 43
rol), ammonium molybdate (0.00015 ,nol), and mend acetate (0.012 aol) were ground together until

homogeneous. The solid mii.,re was heated slowly to 180 OC. The heating was continued for 6 h,

maintaining a temperature between 180-190 *C The crude solid product was pound and added to 300 mL

of I N HCI. saturated with sodium chloride. This step is crucial for the removal of excess manganese salt

from the product. The solution and accompanying undisolved material were briefly heated to bciling. cooa."

to room temperature, and filtered. The resulting solid was dissolved in 200 mL of 0.1 N N*OH. The solution

Swas then beated to 80 "C and insoluble impurities were immediately sephrated Sodium chloride (68.0 5) was

added to the solution and heated to 80 "C until ammonia evolution was complete. Product 117 was obtained

I by filtration, and washed with 80% ethanol until the filtrate was chloride free. This product was refluxed

in 100 mL of absolute alcohol, and the product filtered and dried over P205. Anal. Calcd for

C3H,2NO, 2 S 4Na4Mn6H2(OQ C, 36.20; H, 2.37; N, 10.45. Found: C, 36.00, H, 2.00, N, 10.45.

3 Nickel sulfophthalocyanine (116) was prepared by essentially the same proceudre. Anad. Calcd for

CsSHuzNeS0zS 4 N 4Ni,4HsO. C, 36.55; H, 1.91; N, 10.65. Found: C, 36.17; H, 1.99. N, 10.63.

I Preparatlom of Mangaes.(Ill) (4-Sulfopheayl)porphise (118). Manganese acetate (2.5 g) and

tetra(ammoasur sulfophenyl)porphine (1.0 g) were dissolved in 80 mL of water and heated at 80 °C for 24

h. After cooling, the solution was evaporated to -20 mL and passed through a Dowex 50-WX8 cation

exchange column. The eluate was evaporated to dryness, dissolved in ethanol, and re-evaporated under

reduced pressure. The product was redissolved in water, and passec, through G-10 sephadex to remove

I inorganic impurities. The material was then dried under reduced pressure over P205 . UV in water, Amax

466, e 92.9 x 10"3 mor cm'. Anal. Calcd for C44 H2N sO 2 Mn,4.5H 20 C, 49.43; H, 3.48; N, 5.23. Found:

C, 49.63; H, 3.20; N, 4.87.

Syathesis of Cobalt Sulfophthatocyaine (I 19).41 The monosodium salt of 4-sulfophthalic acid (0.04

mol), ammonium chloride (0.23 mol), urea (0.25 ml). ammonium molybdate (0.0002 mol), and cobalt sulfate

(0.12 ol) were ground together and heated to 120-140 "C for 30 min; subsequently, the temperature was

raised to 180-200 "C for 4 h. The resulting residue was powdered and then added to a saturated solution of

NaCI in I N HCI (300 mL). This solution was heated to 70 *', cooled to room temperature, and filtered. The

residue was dissolved in 0.1 N NaOH solution (250 mL), heated to 80 "C and filtered quickly. NaCI (125 S)
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was added to the filtrate. which was reheated to 80 6C for 2 h. The product precipitated aftr cooling. and

was filtered, washed with 80% ethanol until chloride free, then refluxed for 4 h in absolute alcohol (50 niL).

After another filtration the product was dried under reducel pressure over P20%. Yield 72%, Anal. Calcd

for C112Hu2N*O.2S4N%4Cou2H2O: C. 37.82; H, 1.59k N, 11.03. Found: C. 37.14; H, 1.69; N, 11.43.

synthesis of Fell!) Solf,01111lecyaalae4 (120).U

The monosodium salt of 4-sulfophthatic acid (0.04 aol), ammonium chloride (0.023 aol), urea, (3.25

mot). ammonium molybdate (0.%')02 mol), and iron sulfate (0.0 12 aol) were ground together. Nitrobamne

(10 ml) was heated to 180 *C in a thr seck rlask fitted with condenser and thermometer. The solid mixture

was added slowly with stiffing while keejp'ng the temperature between 160-190 T. The heterogeneous

mixture was heated 6 h at 180 *C. The crude pr%:duct, a sclid cike, was ground and washed with methanol

until the nitrobenzene filtrate was no longer discolored The remaining solid was added to 275 mL of I N

H~l saturated with sodium chloride. The solution and acc 3mg.,nying undissolved4 material were briefly heated

to boiling, cooled to roomn temperature. and filtered. The resultikq solid was *L !.olved in 200 ML of 0. 1 N

NaOH. Thq s-Ilution was heated to 80 OC and insoluble impurities were Smediately separated by filtration.

Sodiuam chloride (1 35 g) was added to the solution. At this point some of the ;olid product precipitated. The

slurry was again 4eated and stirred at 80 OC until ammocnia evolution stopped. Th,,, product %%as obtained by

filtration. The solid was washed with 80% aqueous alcohol until the filtrate was chlo~ic!- free. The product

was refluxed for 5 h in 100 niL of absolute alcohol. The pure product was obtained. filteied. and dried

overnight in vacuo over P20s. MS (neg. FAB) m/, (M'). 977, (M - Ns). 955; (MI - 2Na). 933. (NI - 31 %a), 911.

(,M - 4Na), 888. Anal. Calcd for C52HjsN 6O1,S4Na4Fe.3H2O: C, 37.20; H, 1.95; N, 10.85. Found. C. 36.2;

H. 1.95; N, 11.00.

Vt. SULFUR CONTAINING COMPOUNDS

A. TETRASULFIDES DERIVED FROM CARBOXYLIC ACIDS.

1. Derivatives of Thloglycolic aod Thiolactic Acids.

2,2'-Tetrathiobisacetic acid (121) were prepared by treatment of the corresponding thio, acid.

thioglycolic acid of thiolactic acid, with sulfur m4.'nochloride (SC 5 ) in diethyl ether according to a reported

procedure.'$ The dibenzyl ester 123 was prepred from 121 by direct esterification with benzyl alcohol
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acwdant s reported pzocadure.1"

C1 C1 01 0
iCHSSSKHR C4HuCS80CCH33SSCIsCOCHSCoHS

121: It W H 123
1M: A - CH3

2. Tetrasalfde Derivatives of Cyutine

The tatrasulfide compounds correspnding to cystine and also its diethyl es:er and N-scetyl

derivative were synthesizeL Structures of then compounds (124-126) are shown below. In these

preparations, we fcund SsC12 to be compatible with glacial AcOK, and this solvent was used to advantage

since the starting thiols are insoluble in diethyl ether.

Co a coono~ c,

USCWISOCS tH ,BAVN[€CsMISMI CMNII O

124: R. 121
125: R 9 3t

3. Tetraslflde Analogsue of Glutathloae.

Reduced glutathione (Aldrich Chemical Co.) was treated with Sf1 2 in glacial AcOH in a successful

preparation of the corresponding tetrasulfide 127 shown below.

HKOCCH(tKfKs)CHICH2 CONHCHCONHCHsCOtHI
Cf3
I •2HC1
S4

IC.HI

HO5CCH(NHI)CISCHCONHCHCON4HCH COH

127

4. 3,3-Tetrathiobis- DL- Vallee.

Treatment of DL-penicillamine (Aldrich) with S2C12 in AcOH afforded the tetrathio derivative 128.

(CH3) CCH( 1NjCOtH
(S)4 *2110(c),• r 5)c c1I

(CH2)*CCH(Pff$)COXK

128
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S. Other Tetrasulfide Copouds.

The favorable biological evaluation of 126 (SRI 7638; WR 268831) inspired an expanded effort

directed toward the systematic exploration of the structure-activity profile of analogous tetrasulfide

derivatives. A supplemental sample of the active agent was requested by and prepared for the CO for further

evaluation and seven other novel examples were also prepared and submitted. In addition, the synthesis of

numerous other compounds was begun, but not completed because these products could not be fully purified

and characterized prior to the expiration of this project. The structures of these compounds an illustrated

below. Physical lat i. for the seven new compounds reported in Table 13.

Compcunds 129-132 share the bis-aminoethyl tetrasulfide motif of active cysteine derivative 126,

the degree of substitution of the amino and methylene moieties being varied. Structures 133 and 135 were

prepared to examine the requirement for the basic amino group. while 130. 131, 132. and 134 probed the

necessity of the a-carboxylic acid. Finally, structures 134 and 135 examined the effect of replacement of

the ethylene bridge with the planar, aromatic phenylene surrogate. Complete synthetic protocols for these

compounds are in the experimental section.
14 .. 3I' ___

126 C02 H COCH H
WR NCHCHSLSSCHCHNR*-R 129 H COCH3 H

I I
R t 130 H (CHO)3 NOH H

131 H CH$ CH3
132 H H H

a It3
HOOCCIISSSCHCOOH 3 p-I I S 134p-NH
HOOCCHS C!4:OOH 135 e-COaH

133

EXPERIMENTAL SUCTON FOR PART VI.A.

Tetrathioblsacetle Ac.d (12 1). A stirred solution of mercaptoacetic acid (1.56 S,.20 mmol) in CHCI,
(50 mL) was treated with a I M solution of S2012 in CH2CI 2 (10 mL, 10 mmol). The reaction miz -e was

stirred under N2 for .10 min. The white solid that separated was collected, washed with CHC13 and !tied in

acue yield 1.86 s (76%),msnp 105- 108 OC. MS (FAB) m/,e 247 (M.+ H)*; IR (KBr) 2800-3300 (broad). 1734,

1678, 1426. 1271. 1255, 1126, 1117 em'"; 1H NMR (CDICN) 5 3.78 (s, 4, CHS). Anal. Calcd for C.H604 S4:

C, 19.50; H. 2.46. Found. C. 19.58; H, 2.43.

14occH cincox 1 Ssu meag-cos14 iu
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TABLE 13. TETRASULFIDE COMPOUNDS

Elemental Analyses
Caled
Found

Molecular Formula C - -
Structure No. Yield, % Mp, C (Formula Wt.) %C %H

1260 18 134-137 CjoH*N 2OSS4  30.91 4.135 7.21
(388.52) 30.99 3.92 7.02

129 71 90-92 COHI0S 4 N2  25.73 4.85 7.50
(373.40) 25.74 4.94 7.41

130 95 218-220 CoPN 4S4-4HC 25.21 6.35 11.76
(330.37) 25.48 6.46 11.62

131 65 172-174 CgH~eNS,.HCi.SHO 30.21 6.97 8.88
I ' (317.98) 30.47 7.08 8.57

132 58 155-137 C4Hu?41Sr.2HCl 16.60 4.88 9.68
(289.33) 16.85 4.96 9.82 ..,

133 35 188-192 CgHoOS 4  26.531 2.78
26.84 2.55 --

134 84 64-65 C1 Hj 2NS$4 .2HC1.H1O 35.73 4.00 6.9A
(dec.) (403.40) 35.68 3.96 6.60

135 86 -- C,4 HIO 4 S4  45.39 2.721 45.34 2.70

*Re-synthesis of an active, previously submitted sample.

Tetrathiobisacetic acid, dibeuzyl ester (123). - A mixture of 77 (1.23 S, 5.0 mmol) and anhydrous

benzyl alcohol (1.18 mL, 11.37 mmol) containing concentrated H2S0 4 (0.07 mL was stirred at 20-25 "C for

7 days. This thick oil was placed on a silica gel column and eluted with chloroform. The fractions containing

the product (JV detection, were combined and concentrated under reduced pressure to give an oil that was

dried in Pacuo for I h at 20-25 "C; yield 1.82 g (85%). MS (FAB) m/e 427 (M + H,'; IR (iilm) 2800-3100

(broad). 1734, 1455, 1376, 1269. 1143. 1120.994, 970. 745. 698 cm'; !H NMR (CDCI)6 7.35 (m, 10. phenyl

protons, 5.18 (s, 4, CH 2-O), 3.72 (s, 4, CH 2-S). Anal. Calcd for CleH1*O4S4: C. 50.68; H. 4.25. C. 50.42; H.

4.33.

2,2-Tatrathiobispropsaoic Acid (122). A solution of thiolactic acid (6.36 8.60.0 mmole) in Et2O ( 50

mL) was treated at 20-25 C with a solution of S2CIs in CH2C12 (30 mL, I Wf). The reaction solution was

__ I
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stirred at 20-25 OC for 1 Is, and then the solvent was removed under reduced pressure. The residue was

evaporated coce with CS. The residual solid was crystallized twice from CS, then dried in mcuo. yield 6.72

s (M) mp 86-88 "C. MS (FAD) m/e 275 (M . I)Y IR (KBr) 2500-3200 (broad), 1720, 1707, 1701, 1418,

1317, 1240, 1188 cm"L 'H NMR (CDCIs) 5 10.25 (s, 2, OH), 3.84 (q, 2, CH), 1.56 (d, 6, CH3 ). Anal. Caled

for C41,OS,: C, 2626; H, 3.67. Found: C, 26.18; H, 3.90.

Tetrathlebls-L-alainae Hydrechlolde (4:7) (124). A stirred solution of L-cysteine (2.42 g. 20 mol)

in AcOH (900 mL) was treated with a I M solution ofS CI in OWC (10 mL. 10 mmol) under N2. A white

solid separated immediately. The miAture was stirred at 20-25 "C for I h, and the white solid was collected

under N2, then washed with EtSO. The product was dried in icuo overnight; yield 3.17 S (84%, mp 162-164

"C dec. MS (FAB) n/e 305 (M + H)*; IR (KBr) 2400-3200 (broad), 1740, 1580, 1550, 1495. 1450. 1390.

1250, 1185 cm-% 1H NMR, (CD3OD) 5 4.45 (m, 2, CH), 3.50 (m. 4, CHIS). Andl. Calcd for

CsHj2NO 4 S4.I.75HCl: C, 19.57; H. 3.76; N, 7.61. Found: C. 1958; H, 3.84; N, 7.50.

Tetrathlobis-L-alanine dlethyl ester dlhydrochioride (125). A stirred suspension of L-cysteine ethyl

ester hydrochloride (1.86 8, 10 mmol) in CHCI3 (1.25 mL) was treated with a I M solution of S2C;2 in CH..CIl

(5 mL. 5 mml). After the addition, most of the suspended solid dissolved. The reaction mixture was stirred

at 20-25 *C f;r 5 h and was then chilled. The white solid that formed was collected, washed with CHCI2 .

then Et2O, and dried in vacuo for 18 h (P 20j); yield 2.12 g (98%), mp 143-145 "C. MS (FAB) m/e 361 (M

+ H)"; IR (KBr) 2500-3100 (broad). 1751, 1743, 1512, 1293, 1279, 1132; 1H NMR (CD3OD) 6 4.48 (m, 2,

CH). 4.35 (m, 4, CH2), 3.57 (m, 4. CH2 -S), 1.36 (t, 6, CH). Anal. Calcd for CoH2oN2O 4S4 .2HCI.0.SH2O0

C, 27.14; H, 5.24; N. 6.33. Found: C, 27.26; H, 5.03; N. 6.37.

Tetrathlobis-N-acetyI-L-alanine (126). A stirred solution of N-acetyl-L-cysteine (4.953,30.3 mmol)

in Me 2CO (100 mL) was created with a I M solution of S C12 in CH,CI2 ( 15.15 rnL, 15.2 mmol) at 20-25 "C.

A semisolid separated. The mixture was stirred at 20-25 C for I h then treated with Et2 O (200 mL). Stirring

was continued for 30 min. The solid that formed was collected under N2 then suspended in Me 2CO (60 mL),

and the mixture was diluted with Et2 O (50 mL). The white solid was collected and dried in vacuo, yield 3.95

g (67%), mp 135-137 C. MS (FAB) m/e 389 (M + H)*; IR (KBr) 3401 (NH), 1722, 1623, 1425, 1375, 1345,

1296, 1217, 1175 cm'1; 1H NMR (CD2OD) S 4.78 (q. 2, CH), 3.55 (q. 4, CH,). 3.40 (q. 4. CH:). 200 (s. 6.

eUTg"u OCIOCAOCN INGtITU're
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CII,). ,4eal Calc for C~l$eNO 6 S: C, 30.Ri; H. 4.15; N. 7.21. Found: C, 31.01; H, 4.24; N. 7.22.

N,Nr-[Tetrathlobls-((caaboxymethyl)carbamoylletbyleseldigitamlse Dlhydrockloride (127).

Gluntahione (3.07 g, 10 mtol) was dissolved in hot AcOH (1000 .L) and the solution was filtered to clarify.

The solution was cooled to 20-25 "C and then treated with a I M solution of SCI 2 in CH 2CI (5 nL, S retool).

A white solid separated. The mixture was stiffed at 20-25"C for 30 min, and the white solid was collected,

washed with AcOH and Et2O. The product was dried in vacu (P20) yield 3.2 (0%). mp indefinite with

decomp. MS (FAB) m/e 677 (M + H)*; IR (KBr) 2700-3600 (broad). 1736. 1730, 1727. 1650, 1536, 1415,

1220 cm-a. IH NMR. (CD3 OD) S 4.34 (m, 2, CHCONKt,, 4.04 (tn, 2, CH-NH2 ). 3.94 (s,4, H CO2 H). 3.52,

3.22 (2 m, 4, CH-S), 2.61 (t, 4, CHSCONH), 2.21 (m, 4, CHSCHNH 2). Anal. Calcd for

C2oH32NOOUS 4,2HCIHsOO.SCHsCOsH: C, 31.62; H. 4.80; N. 10.54; S, 16.08. Found: C, 31.65; h, 4.67;

N, 10.57; S, 15.93.

3,X3-Tetratblobis-DL-vallae (128). DL-Penicillamine (2.98 S, 20 mol) was disolved in hot AcOH

(250 mL). and then cooled to 20-25 *C. The stirred solution was treated with a I V solution of SCi, in

CH2C 2 (10 mL, 10 nmmol). A solid separated. The mixture was stirred at 20-25 "C for 30 min, then treated

with Et 2O (500 mL). The mixture was stirred at 20-25 "C for I h and the solvent ayer was removed by

decantation. Stirring with EtsO (500 mL) was repea:ed, and the solid was collected on n filter, washed with

Er2O, and dried in vacuo (P203); yield 3.46 g (80%), mp 165-167 *C. MS (FAB) m/e 361 (M + H )*; IR (KBr)

3425 (NH), 2500-3200 (braod), 1745,1585,1500,1456,1220 cm'1 ; IH NMR (CD 3OD) 6 4.99 (s,4, NH 2 ), 4.15

(d, 2, CHCOs), 1.67 (s, 6, CHs), 1.55 (s, 6, CH3 ). Anal. Calcd for CioH IN204S4 .ZHCl: C, 27.71; H. 5.12;

N, 6.46. Found, C, 27.45; H, 5.14; N, 6.52.

2,2'-Tegrathio-bis-N-Acetylcysteamine Dihydrochloride (129). TOa solutitve, of N-acetylcysteamine

(0.02 mol) in acetone (100 mL), sulfur monochloride (in CH2C12; 0.10 mL) was added drepwise under nitrogen

atmosphere at room temperature. A white precipitate separated. The stirring was continued for I h. The

product was then collected under nitrogen atmosphere, washed with acetone and diethyl ether, and finally

dried under reduced pv'essure. Yield, 71q mp 90-92 *C. Anal. Calcd for CSHI,0 2S4N2,2HCI. C, 25.73; H.

4.85; N, 7.50. Found C, 25.74; H. 4.49i N, 7.41. Mass (M # H)* 301.

N,N'-(Tetrathkodiethylene)- 1,3-propanedlamime Tetrahydrochloride (130). 2-(3-

SoUNcTs 2CAg*UCH sNSTIUE
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Amingopropylanino)ethanethiol dihydrochloride (10 mmol) (obtained via the following 3-step method was

dissolved in hot acetic acid (250 mL) and then cooled to room temperature. The SC02 (5 rmol) was added

to the stirred solution. A white precipitate appeared. T.-e stirring was continued for an additional hour. The

precipitate was collected, washed with acetic acid and diet-iylether, and finaily dried under reduced pressure.

Yield 95%6 mp 218-220 "C decomposed. Anal. Calcd for CjoHRN, 4.HCl. C, 25.21, H, 6.35; N, 11.76.

Found: C, 25.48; H. 6.46; N, 11.62. Mass (M + H)* 331.

Preparaido of N.N'-(dithiodletbyl~ee)-o,3-propano Damie* Tetrabydrocborde.

Slop I: N-(2- Bromoethyl)- 1,3-propae dimne dibydrobromlde. 2-(3-Aminopropyl)-aminoethanol

(0.125 mole) was added dropwise to a stirred solution of 48% HBr (110 mL), with external cooling. The

resulting solution was then distilled until the vapor temperature reached 122 *C. The solution was then

refluxed for 64 h with slow distillation of the liquid until the total volume of distillate was -80% (90 mL" of

the original volume of 48% HBr. The cooled residue formed a semicrystalline mass that was stirred

thoroughly with acetone, collected, and washed with ether. Treatnent of a methanol solution of the

precipitate with Norite, followed by re-precipitation via addition of ether gave a solid product, which was

then tecrystallized from the minimum volume of methanol to give the pure material (mp 205 "C (dec)), which

was further recrystallized from ethanol.

Stop 2. S-2-(3-Amlnopropylamiao)ethyl Dihydrogea phosphorothioate. Anhydrous Na3 SPO s (5.0

g) was added in several portions to rapidly stirred H2 0 (25 mL) kept at 25 *C. A partial solution resulted

containing some undis.*)ived, well dispersed Na3SPO3 . To the stirred suspension pure N-(2-bromoethyl)- 1.3-

propane diamine dihydrobromide (10.0 g) was added in portions. Additional water (5 mL) was used go rinse

in any solid adhering to the glassware. Dissclu:tion occurred readily, and the reaction was Judged to be

complet. I h after it had turned clear. The, solu, ion was then poured in a thin stream into stirred methanol

(500 mL). The white solid that separated was collected after 2 h, then washed with methanol, dissolved in

H.O, and reprecipitated by dropwise addition to stirred methanol (500 mL). The mixture was then kept in

the refrigerator overnight. The solid was collected with the aid of methanol and dried to consant weight i-

4CUo Over P2 0. The product was obtained in 90% yield. MS (M - H)', 213, (M + ), 215.

Step 3. Preparadon of 2-(3- Aminopropylamino)ethanothiol Dih ydrochloride. A solution of $-2-(3-

goUTgmN, moUCms. ,,,TTU



52

aminopropylazninc)ethyl dLihydrogen phosphorochioate (5.0 g) in 3 N HCI (50 mL) was heated at 90 *C for 10

uwin. and then evaporated to dryness tinder reduced pressure. The residual clear oil was dissolved in ethanol

(25 mL) and dry HCI-EtOH solution (S0 mL) was added. A 'white product precipitated. The solution was

then refrigerated overnight. when additional white crystalline product separated. Et 20 (35 mL) was added,

and the product was then collected, washed with~ -t2O. and dried in vacue (25-30 *C over P306. mp 192-194

"C (dec). (Reported 192-194 *C). MIS (M + H)* 13S.

2,2*-Tetrathlo-bs-dlaethylalanoethan. Hydrochloride (131). Sulfur monochloride (0.10 mol) in

CH2CI2 was added to a solution of dimethylamino-etha.s.thiol (0.02 mole) in acetone (10O mL) at 20 *C. A

white precipitate appeared. The stirring was continued for I h. The product was collected under nitrogen,

washed with acetone and ether and finally dried under reduced pressure at room temperature. Yield 65%,

mp 172-174 'C. Anal. Calcd for C5H*N 2S4HCI-l/2H20. C, 30.21; HI, 6.97; N, 8.33. Found. C. 30.47; H,

7.03; N, 8.57. MIS (FAB) rn/u 273 (M + H)*.

2,2'-Tetrathlo- bis- anilsoess Dihydrochlorlde .132). 2-Aminoethanethiol (0.03 mol) was

dissolved in 100 mL of ace-Ac acid. Sulfur monochloride in CHsC12 (0.12 mol) was then added dropwise under

N2 otmosphere to the stirred solution to give a white precipitate. The stirring was continued for 1/2 It at room

temperature. The white solid product was collected under nitrogen, washed witi acetic aci-d and then with

diethyl ether and dried under reduced pressure over P35at room '"nperature. Yield: 58%. rnp 155-I1 S7 *C.

Anal. Calcd for C4H12N2S2 .ZHCI. C, 16.60; H. 4.88; N.,9.68. Found. C, 16.85; H. 4.96; N, 9.82. MIS 2 17 (MIv

+ H)*.

Succlulc Acid, Tetrathio-bI. (133).

itooc-citsN 111 to OOCCussSU1COOH
I +4 Stan3  - I

MoocNcmM I CN1COON

A solution of me.captosuccinic acid (6 g. 40 mmol) in 300 mL ether was treated with SqCI2 (:0 mL,

20 mmol-I M1 solution in CH2CI2) with good stirring. After -45 min a precipitate beg3n to form. The

reaction was stirred I h longer, the product was collected, washed with ether, and dried in vairuo over

phosphorus pentoxide; yield: 2.5 g(35%). Mp IIIII., OC; NIS FAB) m/,'e 363 (M + H)*; IR 1694, 141:.

1292. 123S. 1165, 935. 920 cm'I; IH NMR (CD30D) 654.04 (q. 1. CH). 3.11, 2.88 (2dd. 2. CH..). Anal. Cal1cd

SOUTH94M gsu89AWC NGwTgTUT
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for CSHoOS 4 : C, 26.51; H. 2.78. Found C. 26.84; H, 2.55.

4,4'.Teirathio-bis-benzeneamlae, Dihydrochloride (134).

SoR.l 8599.

A solution of sulfur monochloride (I M in dichioromethane, 7.0 mL) was added sowly r a stirred

solution of 4-aminothiophenol (1.98 S) in 100 nIL acetone at 20 'C. A precipitate immediately appeared &ter

the addition. Stirring was continued for 30 uin. The precipitate was filtered under nitroge and washed first

with acetone then with diethyl ether, then dried under reduced pressure over P205. mo 64-66 "C

(decomposed). Yie!d 84%. Anal. Calcd for CUHjzN3S42HCI-H20: C, 35.73; H, 4.00, N. 6.94. Found: C.

35.68; H. 3.98; N, 6.6. MS (M + H)* 312.

2,2'-Tetrathio-bis-beuzoic Acid (135).

COOH COOH COOH

+ PZ1

S (:0Et2 O

SoRI 8624.

2-Thiosalicyclic acid (3 S, 19.5 mtol) was suspended in 200 mL E: 2O and SCI2 (9.7 mL, 9.7 mmol,

I Mf in CH2 CI2 ) was addced quickly (-30 sec) with gocJ stirring. The product rapidly began to precipitate.

The mixture was stirred 30 min and then product was collected, washed with Et 2O, and dried. Yield. 3.1 g

(86%) (It. yellow powder); IR 1672, 1586, 1560, 1463, 1435, 1416, 1310, 1288. 740 cm "1 . Anal. Calcd .cr

C 14H10 0 4S4 : C, 45 3'9; H. 2.72. Found: C, , q.38; H, 2.'7,0.

B. TETRASULFIDES DERIVED FRO-, PHOSPHONATES AND THIOCARBAMATES.

1. O,O,O'O'-Tetraethyl Tetra 'iobisphosphonothilate

The title compound 137 was prepared t.or, O,O'-Jiethyl dithiophosphate (136) and SCi. in

Et 20 as in a reported pro:edure.21

3 2 3II S2 Cle II II
(CN1CHSO)gPS - L (CHIsCHO)2 PS3SSP(oCKSC4 3)g

134 137

glOUTtsa mIrleaLc1 u. eITher'u8
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7. Attempted Conversions of N.N-Dlakyl Dithlocarbamates to Tetrasuinde Derivative

Attempts to convert N.N-diethyl and N.N-dibenzyl dithiocarbemates to the tetrasulfide

derivatives of structural type 138 by treatment with S.hC in CHsCI were abandoned when no pure desirec

product could be obtained from either starting compound. Only crude and malodorous mixtures of

decomposition products resulted.

RXNCSNa RaNCS = CNR2

I EXPERIMENTAL SECTION FOR PART VI.S. 13S

3 Tetraethyl Tetrathiobisphosphonothloate (137). A tirred solution of O.C.,-diethyl dithiophosphate

1.86 8 (10 rmol) in anhydrous Et 2O (50 mL) was treated with a solution of S2C!2 in CH2CI2 (5 mL of I M).

The reaction solution was stirred at 20-25 'C for I h, and then the solvent was removed under -educed

pressure. The residual yellow oil was dried in vacuo; yield 1.77 8 (82%). MS (FAB) m/e 435 (M + 1); IR

(KBr) 2982, :389, i 161, 1100, 1009. 970, 830, 801, 645, 503, 471, 355 cm'1; 1H NMR (CDCI3 ) 6 4.32, 4.18

4 3 (2 m, 8, OCH2 ), 1.42 (apparent t, 12, -CH 3 ). Anai. Calcd for CgH2oO 4P:SB: C, 22.11; H. 4.64. Found: C.

22.44; H. 4.74.

3 C. DISULFIDES AND RELATED COMPOUNDS.

Disulide 143 and thiomethyl compound 140 were prepared according to methods shown below and

I were subna:tted for testing this period. Both compounds were already known from the patent literature - 0

3 Physical data is reported *n Table 14.

0 0 0 Has co,.

136 ins sem 141
136

,/ I...×

I $H $- "tO HS SH

140 143 142

I
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TABLE 14. DISULFIDES AND RELATED COMPOUNDS.

Felumental Analyses
Calcd

Molecular Formula Foune

Structure NJo. Yield, % Mp, *C (Formula Wi) %C %H %

14 3 4S 192-194 CSHgN202S2  31.25 4.17 14.58

___________________ _________ (192.25) 31.28 4.17 14.44

140 40 175-183 C4H7NO 2S,.H20 26.23 4.92 7.65
________ _________ (183,23) 26.13 4.90 7.51

EXPERIMENTAL SECTION FOR FART VI.C.

5,3-l~st thlomethyl)hydantoin (140) In Three Steps. Stop 1. J,3-31s-(beuzyhlo)-2c*tom. f138).

Na metal (23.0 g. 1.00 mol) was added in smiall pieces to a well-rirred solution of benzyl mercrptmn (118S mL.

I I mol) in 400 ml. absolute ethanol, which was cooled in an ice bath during the addition of Na. A solution

of l,3-dichlorjacetone (63.5 g. C.5 mol) in 100 mL bsolute ethanol was added d'oowise duriing a 2 hi perioui

with continued stirring and cooling. After the addition was completed, the reaction was allowed to stir at 20-

25 'C overnight (I8 h). The solvent was evaporad in vacuo, and the residue was taken up in 400 ml. ether

and filtered from inorganic matter. The filtrate was washed twice with 100-ml. portions of H:0, dried over

MgSO4, then evaporated in vacuo to a dark viscous oil (104.7 S). Step 2. 5.S-Bis(benzyl-

thiomethyl)hydantoiu (139). The residue from Step I in 1050 ml. absolute ethanol was warmed to 60-70 *C

with stirring in an oil bath. A solution of potassium cyanide (35 g) in 350 ml. H20 war asdded followed y

210 g of solid ammonium carbonate. Stirring was continued at 60-70 OC for 24 h. Upon cooling a brown

solid separated and was collected by filtration, then washed with etharnol and H:0 to give 77 g of light beige

solid. Step 3. S,5-Bls(thiomethyl)hydantoin (140). A portion (4.0 S) of the solid from Step 2 was dissolved

in 100 ml of liquid NH3. The solution was treated with small portions of Na with vigorous stirring until the

mixture developed permanent blue color. The blue color was discharged by the addition of ammonium

chloride, then more ammonium chloride was added (a quantity equivalent to the Na used). The ammonia was

allowed to evaporate at 20-25 *C overnight under a slow stream of N2 leaving it solid residue. Column

chromatography (using 60-200 mesh silica gel and elution with CHCI 3-MeOH. 95:5) was used to oatain pure
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140,rMp, 193-202 *C. Anal. Calcd for C0I41N5 O3S C. 31.25; H, 4.17; N, 14.58. Found C, 31.10; H. 4.02;

N, 14.40. MS.(EI) mnz 92 (M+). 1H NMR (Me2SO-dg) 6 10.84 (br s, 1, NH-3), 7.78 (s, 1, NH-I), 2.80 (d,

2, J - 14, CH 2SH), 2.71 1 , 2, J - 14, CH2SH). 2.36 (br s, 2, SH).

4-Amino-1,2-dlthiflase-4-carboxylc Acid (143) In lhree Steps from S,S-Bls(beuzylthio-

*ethyl)hydantoln (139). Step 1. 2,2-Bls(beazyltklomethyl)glyclie (141). Crude .,5-bis(benzyl-

thiomethyl)hydantoin 139 (70 S) in 1.75 L of H30 containing 215 & of dried BE(OH)5 was refluxed for 12

days. The reaction mixture was cooled and made strongly acidic with concentrated hyt ochloric acid to

dissolve suspended barium salts. The undissolved solid was collected by filtration and washed with H20. The

I solid was then added to ethanol and the mixture was stirred 20 min. before the insoluble was collected giving

S43.42 g of product. Step 2. 2,2-Bis(thlometyl)glycie (142). A solution of 41.25 g (1 1Q mmol) of the

product from Step I in 910 mL anhydrous N4 3 was treated with hNa metal in small pieces with vigorous

3 stirring until the mixture developed a permanent blue color. The blue color was discharged by the addition

of a small amount of ammonium chloride. More ammonium chloride, equivalent to the quantity of Na used,

was then added. The ammonia was allowed to evaporate at 20-25 "C overnight under a slow stream of N2.

The residue was taken up in 800 mL H20, and the pH of the solution was adjusted to 6 by the addition of

dilute HCI. The solution was then extracted with 300 mL Et2O. The e'hereal phase was discarded, and the

aqueous phase containing the product was used in Step 3 which follows. Step 3. 4-Amino- 1.2-dithiolane-4-

carboxylic Acid (143). The aqueous phase from Step 2 was added slowly to stirred 2 N 12-KI solution. Tae

excess was destroyed with aqueous 10% NaHSO3. The solution was extracted with 300 mL Et2O. and the

aqueous phase was neutralized with concentrated NH 4OH. The n-utral solution was filtered free of

undissolved material, and the filtrate was concentrated in vacuo to 500 mL. A yellow solid separated out and

was filtered off, then washed with H20 to give 25 as a monohydrate, mp 165-173 "C dec. Anal. Calcd for

C4HNO=SH 20. C, 26.23; H, 4.92; N, 7.65. Found: C, 26.24; H, 4.90; N. 7.79 MS (El). n': 133 (%t+).

1H NMR (MeSO-d) 8 7.88 (br s, 1, NH2), 3.50 and 3.32 (two d, 4. due to nonequivalent CH2 groups).

D. THIOSULFONATES.

We also attempted to synthesize some thiosulfonate compounds which could detxify cyanide through

interaction with the mammalian suifurtransferase pathway, as already mentioned. In particular, these
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compounds would act as substrates in rhodanese-promoted reactions.," We submitted the te novel agents

whose structures are given below.

ISO 3N.
144: a - CS 152 NeSOuS L/-"AS

145: a - CHSCHS
146: 3 - (CHs34C01 50*3K

I147: 3 - P
146: R - 4-MoPh 163 0
140: I - 4-SaPh
150: 3 - 4--WuPh I
151: -itDnapbthyl HC Cit$

These compounds were prpared by treatment of the corresponding sulfonyl chlorides with sodium

sulfide as described in the literature." In addition to the submitted compounds, several thiosuLfonates were

prepared as intractable mixtures whw.h tould not be purified. Table 15 summarizes the properties of the

3 submitted thiosulfonates.

EXPERIM1ENTAL SECTION FOR PART VI.D.

3 Sodium Methanesultonothloate (144) and analogous compounds i 45-153 were prepared by a reported

general procedure2s. The procedure for the preparation of 147 is given as a typical example.

Benzenesulfonyl chloride (10 S, 57 mmol) was added dropwise to a stirred solution of NarS-9H 2 0 (13.6 g, 57

mmol) in H2 0 (50 mL) kept at 95-100 *C. The stirred mixture was then refluxed overnight (about 16 h).

The resultag clear solution was evaporated to dryness (I mm. rotary evaporate-, bath 20-25 *C). The dr!

residue wa extracted with hot EtOH and was recrystallized twice from EtOH.

E. THIOSULFATES.

The suiceptibility of thiosulfates to nucleophilic attack inspired our synthesis of a number of thio-

sulfate-c')ntaining compounds by following precedented methods.'5 3 . Compounds 154-162 weie prepared

by reacting odium thiosulfate with the appropriate dihaloalkanes in EtOH-H 2 0. Compounds 163-165 were

prepared by bromoalkylamine with magnesium thiosulfate. The S.sulfo derivatives of cysteine (166),

penicillamine (167, ,nd gly:ine 176), and compound 161 were synthesized by treatment of the parent thiol

with chlorosulfonic acid. The barium salt of S-sulfoglutathione was similarly prepared, and after purification

was converted to the sodium salt for efficacy testing. 4;ompounds 1?0-175 and 177 were made by reacting
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TABLE 15. THIOSULFONATES.

Elementli Analyses
Calcd Mass (FAB)

Molecular Formula Found cation, anion
Structure Yield, % Mp, "C (Formula WO't.) %C %H %N %S or MH*No.

144 74 256-260 CHs3 OSNa.HO 7.89 3.31 23. 111
(152.16) 7.78 3.27

145 66 280-281 C2H60SNI 16.21 3.40 23, 125(148.18) 16.03 3.58

146 52 310-315 C$1.H7 SNa 22.21 4.35 23, 139
(162.20) 22.31 4.30

147 55 285-286 CGHsOrSNa 36.73 2.57 23. 1733 (196.22) 36.26 2.55

148 86 298-300 CH 7OrSNa 39.99 3.35 23. 187
(210.25) 39.43 3.34

149 69 >350 CSH 4BrOr Na 26.19 1.46 23, 251
(275.14) 25.94 1.52

IS0 78 325-330 C10 H13OAS-Na 47.60 5.19 2M - Na.
(252.33) 25.41 449

47.49 5.18 2M + Na.
-_25.41 495

60 314-316 C 0H-O 2S2 Na 48.76 2.86 23, 223
(246.25) 48.71 2.76

152 77 v300 Ct:IHgS4Na2 36.93 2.07 390-Na, 367
36.64 2.03 390-2Na.

_ _ __ _345

153 26 236-238 C12 H1 .NOSNa 44.81 4.18 4.84 M + H, 290
49.15 4.16 4.73

II

the corresponding chloroamidine, generated in stu. with magnesium thiosulfate. The structures of the3e

suifane sulfur donors, and of additional eXamples subsequently submitted, are summarized in the diagrams

below, and their physical data follow in Table 16.
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63S3(CH )0SS0; ROgC(CiHg)jQS0; HW0
154: a - 2 139: a -4.RIt- C43 0
155: a A 160- n-7. R -H ( CHaSSO

& VOHC)12 CO0H Hj4(CH3)sK4H(CHx):S~H ~
157: mS%7S 0333CHS3 CII *=0; 177
156: aUIB le1

WeNH(Cli,)4S0 53 H3NCCR 3-m,
10:a2.NI HSN 30

164: a -2.W - Me N66: mmi a
165: a - 3. W. - II 16- R - CH2

UHS

0 3WNCCK 2SSO9
+ If 170: Itn-M. W-H

kI4CHCHSCHSC?4ICHCI!,SSO; 171. It - W iceI I
CO211 CONHCHSC0 8N 172: R - Et. W. - Ht

169 173: R a j-Pr. W - Hi
174:; a n . V. - H
175: R -n 2-adententyl. W. H



TABLE 16. "Ir'*;3 .FATES.

ElementNl Analyses
(Lalcd

Molecuwa Fcr.Tda Found
Structure No. Yield, % Mp, "C (Formula W'i %C %H %N

154 42 260-265 C2 H4 OeS 4N%2 i 5 8.00
(298.28) ' : 44 1.31

155 64 310-315 CsHIOS 4 Na32 H20 I :'.44
... (330.32) i0.A 3 .39

156 52 280-284 C*H14OS 4Na--H2O 19.36 .
(374.42) 18.95 3,9 t

157 68 245-250 C*Hj1O6S 4Na2.HjO 24.00 4.53
(400.45) 24.13 4.59

158 70 172-175 CtoH= OS 4Na2H 2O 28.03 28.33
(428.51) 5.17 5.18

159 57 101-102 COH 1 OSNa.H20 26.86 4.88
(268.29) 26.19 4.33

160 36 140-150 CH&OtS2Na.H2O 32.43 5.78
(296.34) 32.46 5.38

161 62 138-140 CsHNa2S.0 7 .HO 10.46 1.75
(344.33) 10.34 1.69

162 30 195-198 CjIIsNaS 40,l.SH2O 23.94 2.76
(317.42) 24.05 2.63

163 87 194-196 C2H 7NO3S2  15.28 4.49 8.91
(lit. mp (157.22) 15.23 4.40 8.75
195-196)

164 42 160-162 C4 HIIS2 N.) 3  24.96 6.17 7.27
(185.26) 2500 6.17 7.03

165 60 184-186 C3HqNO3 S2  21.04 5.30 8.18
(lit. mp (171.25) 2I.r.7 5.33 7.82189-196)

166 90 204-205 C3HNOS 2.H20 16.43 4.13 6.39
(lit. mp (219.22) 16.73 4.33 6.16

204-205)
167 71 202-203 CSH 1 NOtS2 26.20 4.84 6.10

(lit. mp (229.28) 26.19 4.84 5.98

168 90 214-216 C*H-N0 3S2  35.10 3.43 6.82
(lit. mp (205-26) 35.18 3.45 "6.66

254-255)

mGua nmm msimcN mevitvure
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TABLE 16. (Continued)

Elemenal Analyses
Calcd

Molecular Formula Found
Structure No. % Yield Mp, "C (Formula WL) %C %H %N

169 62 C1oH1sNaSN 30.2;4 25.69 4.09 8.99
20 25.58 3.77 8.38

(449.38)

170 48 154-156 C*H9,H4OA 19.56 4.8 15.21
(115.25) 19.51 4.33 15.02

171 74 174-175 C4H oN:OA 24.23 5.08 14.13
(174) (198.27) 24.33 5.02 14.03

172 89 144-145 C4HION 2 3SA  2, 23 5.08 14.13
(164) (198.27) 24.30 5.14 14.03

173 36 154-156 CsH12N2OS.-H 2O 28.29 5.70 13.19
149-150 (244.30) 28.27 5.75 13.08

174 78 154-156 C,11 2N203 41.52 4.65 10.76
(260.34) 41.69 5.04 10.22

175 65 185-187 C 12H N20 30S 47.34 6.62 9.20
(304.00) 47.43 6.71 9.150

176 76 145-146 CsHV*O4A 24.68 3.72 5.75
(243.26) 24.69 3.90 5.66

177 65 138-142 CSHI 4N,0 3S..HBr 20.34 5.46 9.47
I (295.22) 20.38 5.37 9.28

EXPERIMENTAL SECTION FOR PART VI.E.

Misodium S.-1,2-Ethanediyl Bis(thiosulfate) (154) aud Homologs 155-158. The *..-

dibro. "a', .-e and two molar equivalents of Na2S2O3.3H2O were dissolved in EtOH-oH30 (1:1 by volume,

50 mL pet ., ima i of Na4sO3.H2 O). The solution was refluxed 2 h, cooled, and evaporated to dryness.

The resi4, a w, ,e'::,,s:aIlized from EtOH (9.1 by volume).

Sodium S-,-- '%1,.thoxycarbonyl)butylj Thiosulfate (159) and Sodium S-(7-Carboxyheptl)

Thiosulfate (160). Eq', m,-!ar amounts of the appropriate w-substituted bromo compounds and

Na 2S3O.5H 20 in H20 contas. ir,3 vji'icient EtOH to produce a clear solution was refluxed 0. h. cooled, and

evaporated in vacuo. The residues w. r- utcrystallized from H20 by addition of Et rl three or four times or

until the precipitated solid was free of Na.g - . Products were dried in vacuo.

eou TNSU msgaa.:w ,mote uis
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Syatauis of Blfunctional Buent Salts (161, 162). A mixture of dichloroacetone or *,a'-dibromo-O-

xylene (0.1 tool) and sodium thiosulfate (0.2 mool) in 50% alcohol (60 mL) was refluxed for 10 snn - 2 hr.

Sulvent was removed to dryness and 90% alcohol added, followed by warming to 50 "C. On cooling the

product separated and after filtration was crysta~lized 3-4 times from hat aqueous ethanol (90%).

Thleulfuric acid, 2 oxo-S.S-1,3-propaaedlyl ester, dlsodlum salt (161). Yield 62%; mp 138-40 *C.

And. Calcd for C5H 4OS 4NaalH 2O. C, 10.46; H. 1.75. Found C, 10.34; H, 1.69. MS (ne8 FAB) M/e 303

(M - Na).

Thiosulfuric acid, S,'-(O-phenylne)dylester, dlbodium salt (162). Yield 39%, mp, 195-198 "C.

Anal. Calcd for CgH&OS 4Na 2I.5H 2(3 C. 23.94; H, 2.76. Found: C, 24.05 H, 2.63. MS (nel FAB) m/e 351

(M - Na)-, 397 (M + Na)*.

S-(2-AmlaoIhyl)-Thiosuifgric Acid (163) and S-(3-Amiuopropyl)-Thlosulfuric Acid (16S). A

solution of equimolar amounts of 2-bromoethylamine hydrobromide (for 163) or 3-bromopropylat'ine

hydrobromide (for 165) with MuS2O5.6H 20 in MeOH (I mL per mmol of MuSOs-6H:C) was kept at 60 "C

for I h. The cooled solution deposited the product 163 or 165. Results are included in Table 16.

2-Dimethylaminoethanethlosulfur;c Acid (164). A mixture of 2-dimethv!aminoethylchoride

hydrochloride and magnesium thiosulfate (0.1 mol) in methanol (2.5 mL) was heated on a water bath zt 60-65

'C for 2 h. Methanol was then removed undo. reduced pressuie, leaving a viscous product. Aqueous ethanol

(95%) was added to precipitate the solid product, which was recrystallized from 95% ethanol 3-4 times until

MgCI2 free Yield 42%, mp 160-162 *C. Ana,. Calcd for C, 24.96; H, 6.17; N. 7.27. Found: C. 25.0. H.

6.i .; N. 7.03. MS (neg FAB) m/e 184 (M - H)'.

S-Sulfocystelat (166), S-Sulfopenlcillamie, and S-Sulfopedic" -aine (167). and S-4-Aminophenyl

Thiosulfuric Acid (168). These three candidates were prepared by treatment of the corr- 4,nding th iols w; rh

CISOH in glacial AcOH as described by Tanaka et ai.3° The reported procedures proved to be readil.

reproduced.

Preparation of Glycia., N-(N-L-y-g1utamyl-S-Sulfo-L-cystluyl). Disodium Salt, Dlhydrat. (169)

(Sodium Glutathiounate).

Step 1. Barium Glutathonate. Glutathione (6.4 mmol) was added to a reaction mixture or sodiqm

sulfite (26.0 mmol) in 98 mL of a 0.05 M CuSO 4 solution adjusted to pH 10 with concr.ntrated ammonia. The

SOUtllthS atggNwCH IfteWSiut
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reaction was stirred for 2 hr at room temperature and then he mixture was kept in the refrigerator overnight.

3 The solution (-40 mL) was concentrated on a rotary evapomtor and passed through a column of Dowex 5G

W (H form, 100-200 mesh; 2 x 20 cm) with water as eluant. The elate containinS GSSOH was again

I concentrated, treated with 8.0 £ of barium acetate, and dissolved in 25 mL of water. The resulting precipitate

was removed by centrifugation and the barium salt of GSSO3 H was precipitated from the supernatant by the

additica- of 5 volumes of 95% ethanoL The barium sat was reprecipitated 4 times with ethanol and was then

Sdried over P205 under vacuum. Yield 62%. Anal. Calcd for C ,oHsN30VBa-2H3O: C, 21.49; H, 3.42; N,

7.51. Found: C, 21.51; H, 3.29; N, 7.02. MS (FABI m/e 524 4M + H)* . 522 (M - H)-.

U Stop 2. Sodium Glutathionate. Barium glutathionate (2.50 g) was dissolved in 20 mL of water and

sodium sulfate (0.634 S) was added at room temperature barium sulfate was removed by filtration and the

ritrate freeze dried and stored in the freezer. (Yield 100%.) Anal. Calcd for Cjoi1 sN3OSANa2 ,2HO: C.

3 25.69; H, 4.09; N, 8.99. Found: C, 25.58; H. 3.77; N, 8.88. MS (FAB) m/e 430 (M - H)', 432 (M. H)*, 408

(M - Na).

n Synthesis of a-Amidinium thiosulfate S (Bunt Salts) (170-174).

(a) -Chloroamidlne Hydrochlorldes.

o-Chloropropionitrile (0.1 mol) was added dropwise to a stiffed solution of 0.01 mol of sodium

3 methoxide 'n dry methanol (100 mL) at 25 'C. After one hour of stirring, the amine hydrochlorides (0. 11

mcl) were added and tne reaction mixture was stirred for 16-24 h at 25 9C. The mixture was filtered to

3remove all solids and the solvent w.-: -moved from the filtrate. The resulting residue was triturated with

ether and the solid products were car, ;,.d further without purification.

(b) e-Amililumthiosulfa.as.

3These were prepared for the corresponding <k-chloroamidine hydrochlorides. a-Chloroamidine.

dissolved in 25-30 mL of water, was treated with sodium thiosulfate and refluxed I hr. The reaction mixture

was allowed to cool to room temperature, after which the compounds separated and were removed by

filtration. Purification by recrystallization from ethanol (3 times) was followed by drying under reduced

I pressure.

3 S-IN-(2-Adamantyl)amidinolmethyl Hydrogen Thiosulfate (17S). A solution of chloroacetonitrile

(0.01 mol) in methanol (25 mL) was added to a stirred solution of sodium methoxide obtained from 10 mmolI ________

SilawI~l UfgEllAUNll uNItIIUtS
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(0.23 S) of Na in methanol (50 mL) at 25 *C. A 30 min time was allowed for the reaction. Then a so!ution

of 2-adamantanamine hydrochloride (0.8 mol) in methanol was added. A reddish brown color developed after

4S min, then solid magnesium thiosulfate (0.8 mol) was added in one portion with stirring. The resulting

I solution was stirred at room temperature for 3 h. The solid product separated, which was collectea, washed

successively with ethanol and diethyl ether, and finally dried under reduced pressure to give the pure product.

Yield b5%. mp 185-186 IC. Decomposed (L.it. 185-187 C). Anal. Cjcd for CuHo303S2; C. 47.34; H, 6.62;

3 N. 9.20. Found C. 47.43; H, 6.71; N, 9.15. MS (FAa) mle 305 (M + H)*, 303 (M - H)'.

N-I1-Oxo-2-(sulfothio)propyllglyclae (176). Chlorosulfonic acil (0.021 mole) was added slowly to

I a stirred solution of N-(2-mercaptopropionylglycine) in 100 mL of acetic acid at room temperature (25 "C).

The white precipitate appeared, and stirring was continued for 1/2 h. The precipitate was collected under

nitrogen atmosphere, which was washed with acetic acid and then ether, and finally dried over PZO s under

3 reduced Pressure. Yield 76%: mp 145-146 *C. Anal. Calcd fcr CsHNOS 4 C, 24.68; H. 3.72; N. 5.75.

Found: C, 24.20; H, 3.81; N, 5.61. MS (neg FAB) m/e 243 (M - H)-.

I S-2-(3-Aulaopropylsmiuo)ethyl Hydrogen Thiosulfate Hydrobromide (177).

SoRI 8598.

Equimolar amounts of magnesium thiosulfate and sodium acetate (0.1 mole) in methanol (25 mL) were

fl added to a solution of V-(2-bromoethvl)-1,3-propanediamine dihydrobromide (0.1 mole) in methanol. The

resulting mixture was heated for 2 h at 60 "C. The solution was then concentrated to -20 mL and kept in the

refrigerator for 6-7 days. A white solid product crystallized which was washed first with SA alcohol and

then methanol, and finally dried under reduced pressure. Yield 65%: mp 138-142 *C. Anal. Calcd for

C5 H,14 NS20 3HBr. C, 20.34; H, 5.46; N, 9.47. Found: C, 20.38; H, 5.37; N, 9.28. MS (FAB) m/e 215 (M

• + H)*, 213 (M - H)'.

F. 3-H-1,2-DITHIOLE-3-THIONES.

Two routes were investigated for the preparation of the title compounds as shown below. The first

method the reaction of ethylbenzoylacetate with elemental sulfur and Lawesson's reagent consistently gave

low yields and therefore, a preparation treating cumene (isopropylbenzene) with elemental sulfur and

3 ditolylguanidine s was ato tried. Unfortunately, tht second approach was also not very successful, and

lOuW i..6AACN I NOTITUTR
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therefore, only two examples of this series structures 178 and 179 were submitted.

S

+CgC0CH + CH3 K 3wi

175

SS79

CM3  s

EXPERIMENTAL SECT'ION FO!.( PART VI.F.

Preparatiom of" Dithiolethiooes 173 aad 179.

(a) 0.005 Mole of ethyl benzoytacetate. 0.012 oof of" Lawesson's reagent, and 0.01 mot of

elemental sulfur in !0 ott. anhydrous toluene were kept at 110 *C for 10 hrs. After cooling to room

temperature the mtixtt,. .. "- ,naced on a silica gel column and the toluene was eluted with petroleum

ether/ethL ,vS/S). The eluen: was chi&- to petroleum ether/ether (70/30) and the 1,2-dithiole-3-thione

was isolated.' MS and Clan analyr.. confirmed the structure. Yields were low in each attempt.

(b) 0.1 Mole, of cumene, 0.15 tool of sulfur, and 0.04 8 of ditolylguanidi.. .e.y refluxied for 21

hrs. The mixture was then kept at S "C for 2 hrs. to allow the i ,2-dathiole-3-thione to crvstllize. s

Reaction of 3-oxoesters with p-metho'cypheoylthionophosphlue sulfide. Ethylbenzoylacetate (0.005

tool), 0.012 tol of Lawesson reagent, and sulfur (0.01 tool) were taken up in 10 mL of anhydrous t, luene and

heated at 110 "C for 10 h. After cooling to room temperature, the mixture was placed on a silica glel column

and the toluene was eluted wi1r. ether/light pet. ether (10.90). On a renewed elution with ether/light pet.

ether (30:70), the 3H- 1 .2-dithiole- 3-thiones were isolated, and identified by map, MS. and elemental analyses.

rap, 125-126 "C, reported, 126 "C. MS (FAB) rn/e 211 (M ,, H) . ,4na. Calcd for CH4A. C, 51.43; H. 2.86.

Found: C, 51.42; H, 2.74.

gOu?NtEUW S(SI[ASCN Iusfeti tS
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-TABLE 17. I-H- 1,2- DITHIOLE-3-THIONES

Elemenw2 Analyses
Calcd
Found

Molecular Formula -o-n-

Structure No. Yield, % Mp, C (Formula Wt.) %C %H %N

30 Unavailable 125-126 4HI, 5 1.43 2.86 --

(tit. 126) (10.33) 51.42 2.74 --

57 71 118-121 CHS 51.43 2.86F (210.33) 51.64 2.86 --
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TABLE 13. COMPOUNDS SUBMITTED FOR TESTING AS ANTICYANIDE AGENTS.
CONTRACT NO. DAMD17-90-C-0011

9 MARCH 1990 - 8 August 1993
(STRUCTURVS SHOWN IN TABLE 20)

Descripton in Quarterly

WR No. WR Bottle No. SoRl No. Sample No. I wgress Report No., (pages)
268785 DM 03503 8602 F828-9-2 1, (6-7)

268786 BM 05512 7603 F828-15-1 1. (6-7)

268787 BM 05521 7624 F590-147-3 1,(3-4)

268788 BM 05530 7625 F590-125-1 1,(3-4)

268789 BM 05549 7626 F590-131-4 1,(3-4)

268790 BM 05558 7627 F590-141-3 1(3-4)

268827 BM 06000 7634 F829-23-1 2, (15-17)

268828 BM 06019 7635 F828-19-1 2,(15-17)

268829 BM 06028 7636 F828-29-1 2, (15-17)

268830 BM 06037 7637 F828-21-1 2. (15-17)

268831 BM 06046 7638 F828-31-I 2.(15-17)

268832 BM 06055 7656 F828-35-1 2, (15-17)

268833 BM 06064 7667 F590-143-3 2.(13-15)

268834 BM 06073 7668 F590-133-3 2, (13-15)

268835 BM 06082 7669 F590-151-1 2. (13-15)

268836 BM 06091 7670 F590-139-4 2.(13-IS)

268837 BM 06108 7671 F866-47-1 2,(6-9)

268838 BM 06117 7672 F866-23-2 2,(6-9)

268839 BM 06126 7673 F866-9-I 2,(6-9)

269940 BM 06135 7674 F866-49-I 2,(6-9)

268841 BM 06144 7675 F866-25-I 2,(6-9)

268820 BM 06153 7676 F866-51-1 2.(6-9)

257838 BM 06162 7677 F866-19-1 2.(6-9)

268844 BM 06171 7678 F866-59-I 2,(6-9)

268798 BM 06180 7679 F866-31-I 2.(6-91

268845 BM 06199 7680 F866-61-I 2, (6-9)

268846 BM 06206 7685 F828-47-I 2.(17)

I
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TABLE IS. (Continued)

Description in Qurterly
WR No. WR Bottle No. SoRI No. Sample No. Progress Report No., (pages)

268911AA BM 07141 7703 F850-25-2 3,_(11ol2)

268912AA BM 07150 7704 F850-35-2 3,(11-12)

268913AA BM 07169 7705 F850-41-1 3,(11-12)

268914AA BM 07178 7720 F86-99-! 3, (5-8)

26891SAA BM 07187 7721 F866-101-1 3,(0-8)

2f8916AA BM 07194 7722 F866-83-I 3.(-8)

268917AA BM 07203 7723 F866-115-1 3, (5-6)

26_91_AA BM 07212 7724 F866-117-1 3.(5-6)
i68919AA BM 0722_____5__-63- 2$ D(71i

268919AA BM 07221 7725 F866-63-i 2.(7-10)
268920AA DM 07230 7726 F866-73- I ,, 2, (7-10)

268921AA BM 07249 7727 F866-93-1 3. (5)

268922AA BM 0"258 7728 F866-75-1 2,(7-10)

268923AA PMt 07267 7730 F866-109-I 3.(5-6)

268924AA BM 07276 7731 F866-119-1 3.(3-6)

090828AB BM 08317 7770 F850-85-2 4.00I)

269153AA BM 08326 7800 G076-31 -1,(-8)

269154AA BM 08335 7801 G076-27 4, (5-8)

269155AA RM 08344 7802 G076-17 4. (1-8)

269156AA BM 08353 7803 G076-20 4.(5-8)

269i57AA BM 08362 7804 F866-121-i 3,0_-_)

269158AA DM 08371 7805 F866-111-3 .(5-8)
269159A A BM 08380 7806 F866-127-I 3. (0-8)

269160AA BM 08399 7807 F866-123-1 3.(5-8)

26916!AA DM08406 7809 F866-113-3 3.(5-8)

269162AA DM 08415 7809 F866-125-1 3.(5-3)

269163AA BM 08424 7810 F866-129-1 3.(5-8)

269164AA GM 08433 7811 Ff6o-89-3 3.(9)

269165AA BM 08442 7812 0076-13 4,(9-1I)

269166AA BM 08451 7813 GI)76-29 4,(9-I1)
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TABLE 13. (Continued)
Description in Quserly

WR No. WR Bottle No. ,oRI No. Sample No. Progress Report No., (pages)

3 002712AD SM 11001 7838 F8S0-141-2 S, (13)

002712AE BM 09565 7838 H50-141-2 5,(_3)

271154AA BM 09574 7839 F950-151-2 7. 3-5)

2711$5AA BM 0 7845 G076-39-1 5. (6-8)

271156AA 9M 09592 7846 G076-43-I S. (6-3)

2711S7AA BM 09609 7847 G076-40-I 5, (6-8)

271158AA 3M 0918 748 G.076-47-1 S, (6-8)

271142AA BM 09350 7849 G076-37-2 S,(6-8)

002250AB BM 09369 7864 G0164-27-1 5. (12-13)

002250AC BM 11010 7864 G0164-27-I S. (12-13)

3 0001I6AD BM 09378 7865 0076-54-1 5. (17-13)

271143AA BM 09387 7366 G076-58-2 5.(12-13)

025!02AL RM 09396 7867 G076-55-2 5.(12-13)

OC058SAF BM 09.03 7868 G076-53-1 5.(12-13)

271144AA DM 09412 7869 G076-59-1 5,(12-13)

000363AD BM 09421 7870 G076-52-1 5,(12-13)

C37733AC BM 09430 7871 G075-56-I 5,112-13)

271145AA BM 09449 7872 G076-57-2 5, (12-13)

00035lAW BM 09458 7973 G076-51-1 7,(3-5)

271146AA BM 09467 7908 0076-61-1 5,(9-1I)

I271147AA BM 09476 7909 G076-74-1 3(9-1t)

271148AA BM 09485 7910 G076-71-1 5.(9-11)

271149AA DM 09494 7911 G076-75-I 5,(9-II)

000125AC BM 09501 7913 G076-64-I 5,(9-1I1)

271150AA BM 09510 7914 G076-62-I 5.0-1111

271151AA BM 09529 7915 G076-70-I 3.(9-I)

C02852AC BM 09538 7916 G076-78-1 5.(9-1I)

271152AA BM 09547 7917 G076-77-1 3.(9-1i)

271153AA DM 09556 7918 G076-72-I S.(9-1I)
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TABLE 18. (Continued)

Description in Quarterly
WR No. WR Bottle No. SoRl No. Sample No. Prores Report No.. (p&ne)

001758AB BM 10317 7928 G076-86-1 6,(7-9)

00175"AC BM 10326 7929 G076-89-1 6, (7-9)

272681AA BM 10335 7930 G076-81-1 6, (7-9)

102233AB j iM 10344 7931 G076-82-1 6, (7-9)

0Olt 'SAC BM 10353 7932 G076-87-1 6. (7-9)

2764. BM 11029 7934 G076-107-1 6.(8)

276,96A.. * 11038 7984 G164-121-1 7,(3-5)

276497AA hv. J47 7985 G164-127-1 7. (3-5)

276498AA BM 11056 7986 G0395-07-I 7. (3-5)

276499AA BIM 11065 7987 G0395-19-1 7,(3-5)

000362AB BM 11074 8112 G076-103-1 6.(7-9)
276500AA BM 1083 8113 G076-105-1 6.(7-9)

276501AA BM 11092 8114 G076-109-1 6.(7-9)

00'708AC BM 11109 8115 G076-95-1 6.(7-9)

001756AB BM 11113 8116 G076-93-1 6.(7-9)

025524AE BM12362 or 8140 G395-49-1 8,(0-8)
12302

022032AB BM12446 8141 G395-75-I 8,(5-8)

074813AB Mi12311 8151 G395-85-1 1.(-8)

01055IAH DM12320 8168 G395-87-I 8.(5-8)

255373AB BM12339 8170 G454-15-I 8, (11-12)

279194AA BMI!2348 8171 G076-129-1 8.(1-12)

M2S375AB BM12357 8172 G454-03-03 7. (6-8)

279150AA BM'2366 8175 G395-97-1 8.(S-8)

279151AA DMI2375 8177 G395-99-2 8.(S-8)
279152AA BM12384 8178 0395-101-2 8.(5-t)

279l 3AA BM12393 8179 G395-105-2 8 (0-8)

279154AA BM2400 8180 G395-109-3 8, 5-8)

279155AA BM12419 8184 G395-107-4 8,(0)

279156AA DM12428 8190 5454-37-I 8, (1-12)

I
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TABLE 18. (Continued)
Description in Quarterly

WR No. WR Bottle No. SoRI No. Sample No. Progress Report No.. (pages)

279157AA BM12437 8191 G454-39-I 8. (11-12)

268831 BM13390 7638 F828-95-30 9.(4)

008218AR BM14093 897 6395-152-1 9.(2)

279299AA BM14100 8198 H09i-40-2 9, (9)

279300AA BM14119 8211 6395-147-4 9 (9)

279301AA BM14128 8242 H099-32-! 9.(9)

279302AA BM14137 8243 H099-36-I 9. (9)

279303AA BM14146 8284 H099-16-2 9, (9)

255778AB BM14155 8354 G454-79-2 9,(8)

279306AA BM14164 8355 G454-31-2 9.0 8)

279304AA BM14173 8356 G454-72-I 9(s)

049410AD BM14182 8357 G454-63-I 9.(7)

279346AA BM14717 8362 G454-63-1 MOM,_(_,6)

279347AA BM14726 8563 G454-95-1 10,_(7)

279348AA BM14735 8564 G454-88-2 10,_(7)

166717AB BM1474 8.565 G454-85-I i0.(6)

279349AA BM14753 8566 G454-101-3 10,(7)

279:50AA BM14762 8567 G454-97-3 10,(6)

108236AB BM14771 8594 H099-104-1 _0_.10)

279351AA BM14780 8600 F828-103-15 10.(7)

088456AD BM 14799 8601 H270-13-30 _ _ _ _ _

00972OAC BM 15796 8598 G454-82-. i 1. (12)

279422AA BM15894 8599G454-91-2 1.(12)

279414AA BM15803 8605 G454-119-1 II.(13)

?79415AA BM15812 8609 H270-33-27 II. (8)

279411 AA BM15750 8620 H270-49-24 I, ()

279412AA BM15769 8621 H270-73-15 1I,(5)

028134AC DM 15778 8622 H270-77- 11.(6)

279416AA BM15821 8623 H270-71-20 1.(6)
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TABLE 18. (Continued)

Description in Quarterly

WR No. WR Dottle No. SoRl No. Sample No. Progress Report No., (pages)

279417AA DM15830 "2_ H270-59-14 11, (11)

061592AD DM 15849 8625 H099-128-I 1,(10)

217431AB DM17085 8636 H099-142-2E 12.(4)

279472AA SM17094 8640 H099-148-2A 12. (4)

279473AA BMI7101 8646 H445-02-A 12. (4)

I •O U~i~ UeI~Y
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TABLE 19. Candidate Compounds Tested for Aaticy.Ide
Efficacy During This Report Perio3d
(9 March, 1990 - 8 August, 1993).

ICD No. WR No. WR Bottle No. S.A. No.

1813 268828 PM 06019 ___,. __5

1815 268830 BM 06037 763'

1316 268831 BM 06046 7638'

1817 268832 BM 06055 7656

1818 268833 BM 06064 7667

1820 268835 DM 66082 7669

1822 268837 BM 06108 7671

1823 268838 DM 06117 7672

1824 268839 BM 06126 7673&

1825 268840 BM 06135 7674

1828 268845 BM 06199 7680

1762 268786 BM 05512 7603

1763 268787 BM 05521 7624

1764 268788 BM 05530 7625

1765 268789 BM 05549 7626

1766 268790 BM 05 8 7627

1812 268827 BM 06000 7634

1814 268829 BM 06028 7636

1821 268836 BM 0609' 7670

1761 268785 BM 05503 7602

1819 268834 DM 06073 7668

1826 :8841 BM 06144 7675

1827 2688,4 8M06171 7678

1829 268846 BM 06206 7685

1830 268820 DM06153 7676

1831- 257838 BM 06162 7677

1832 268798 BM 06180 7679

1761 268785 BM 05503 7602

mummmulll mmsUI II6 Ilws.9 wti
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TABLE 19. (Continued)

[CD No. WR No. WR Bottle No. SoRI No.

1819 268834 BM 06073 7668

1826 268841 BM 06144 7675

1830 268820 BM 06153 7676

1831 257838 BM 06162 7677

1827 268844 M 06171 7678V -
1832 268798 BM 06J 80 7679

1829 268846 "DM06206 7685

1898 2M8911 BM 07141 7703

I899 268912 BM 07150 7704

1900 268913 BM 07169 7705

1901 268914 BM 07178 7720

1902 268915 DM 07187 7721

1903 268916 BM 07196 7722

1904 268917 BM 07203 7723

1905 218918 BM 07212 7724

1906 26899 DM 07221 7725

1907 268920 SM 07230 7726%

1908 268921 OM 07249 7727

1909 268922 DM 07258 7728

1910 268923 BM 07267 7730

1911 268924 DM 07276 7731

2008 090892 SM 08317 7730

,09 269153AA BM 08326 7800

2691 56AA BM 08353 7803

2,.) 269157AA BM 08362 7804

2Mi4 269158AA BM 083 7805

2015 269159AA BM 08380 7806

2016 269160. BM 08399 7807

2019 . 69163AA BM 08424 7810

022 2&[ 66AA BM 08451 7813

@IJUUn" 498AOaCU INGTUTS
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TAiLE 19. (Continued)

ICD No. WR No. WR Bottle No. SoRI No.

2115 002712AE BM 09565 7838

2160 271154AA BM 09574 7839

2117 271156AA BM 09592 7846

2118 271157AA BM 09609 7847

2119 2711S8AA M 096180 7848

209S 000 156AD BM 09378 7865

2096 25102AV BM 09396 7867

2097 00058SAF BM 09403 7868

2098 271144AA BM 09912 7869

2099 000363AD BM 09421 7870s

2100 037733AC DM 09430 7871

2102 000361AW DM 09458 7873

2104 271147AA OM 09476 7909

2107 271148AA OM 09485 7910

2108 271149AA DM 09494 7911

2113 271 152AA DM, 09547 7917

2114 271153AA OM 09556 79!8

2188 001758AB M 10317 7928

2094 271142AA DM09350 7849

2I0I 271145AA DM09449 7872

2103 271146AA DM09467 7903

21 06 002250AB 9M09369 - 7164

2109 000125AC DM09501 79134-

2110 2711SOAA DM09510 7911

2116 27115SAA DM09583 7845

2189 001757AC DM10326 7929

2190 272681AA SM 10335 7930

2191 102233AB DM10344 7931

2192 001868AC OM 10353 7932

2233 27649SAA OM 1029 7934

SOUiweNmm 09SSASC4N i06StITU?
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TABLE 19. -(Continued)

ICD No. WR No. WR BotIt a. SoRl No.

2234 276496AA BMI 103L 79841

2235 276497AA BM11047 7985

2236 276498AA BM11056 7986

2237 276499A A BMI 1065 7987

2238 27650OAA BMI1083 8i 13

::39 27650 1 AA BM11092 8114

2241 0017M6AB BMI I 118 8i 16

2247 000362AB DM 11074 8112

OP-eiminarv test results indicate activity.
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